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1 Appendix A 
2 The Law of the River 

3 The Secretary of the Interior (Secretary) is vested with the responsibility to manage the 
4 mainstream waters of the lower Colorado River (LCR) pursuant to a body of law 
5 commonly referred to as the “Law of the River.”  The Law of the River includes, but is 
6 not limited to, Federal and state laws, interstate compacts, an international treaty, court 
7 decisions, Federal contracts, Federal and state regulations, and multi-party agreements.  
8 Selected documents that comprise the Law of the River are discussed below, and a more 
9 comprehensive list is included in Table A-1.  Inclusion of information in this Appendix A 

10 is for informational purposes only.  The descriptions of the elements of the Law of the 
11 River presented in this Appendix are not intended to represent an interpretation of these 
12 legal documents or represent the legal position of any of the Lower Colorado River 
13 Multi-Species Conservation Program (LCR MSCP) participants. 

14 A.1 Colorado River Compact of 1922 (Compact) 
15 The 1922 Compact divided the Colorado River into the Upper Basin and the Lower 
16 Basin.  The drainage basin of the Colorado River within the United States is shown on 
17 Figure A-1.  The Upper Basin includes those portions of Arizona, Colorado, New 
18 Mexico, Utah, and Wyoming within and from which waters drain naturally into the 
19 Colorado River above Lee Ferry, Arizona.  The Lower Basin consists of those portions of 
20 Arizona, California, Nevada, New Mexico, and Utah within and from which waters drain 
21 naturally into the Colorado River system below Lee Ferry.  The Compact apportioned to 
22 each basin, in perpetuity, the exclusive beneficial consumptive use of 7.5 million acre-
23 feet per year (mafy).  The Compact also divided the seven Colorado River Basin states 
24 into the Upper Division and Lower Division states.  The Upper Division states are 
25 Colorado, New Mexico, Utah, and Wyoming.  The Lower Division states are Arizona, 
26 California, and Nevada.  The Upper and Lower Basins share any obligation to Mexico (if 
27 water above that apportioned for the United States is not available for that purpose). 

28 A.2 Boulder Canyon Project Act of 1928 
29 In 1928, Congress enacted the Boulder Canyon Project Act of 1928 (BCPA) (45 Stat. 
30 1057), which authorized the Secretary to construct Hoover Dam and the All-American 
31 Canal (AAC), and to contract for the delivery and use of water from these facilities for 
32 irrigation and domestic uses.  Congress conditioned the BCPA upon the ratification of the 
33 Compact by at least six of the Colorado River Basin states, including California. 
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The Law of the River 

1 The BCPA authorized the states of Arizona, California and Nevada to enter into a 
2 compact to annually apportion the waters of the Lower Colorado River as follows: 
3 Nevada would be entitled to 0.3 million acre-feet (maf) plus 4% of any surplus flow, 
4 Arizona 2.8 maf plus 46% of any surplus flow, and California 4.4 maf plus 50% of any 
5 surplus flow.  Although the states never entered into a compact, the decision in Arizona v. 
6 California affirmed Congress’ intent to apportion the waters of the Colorado River in this 
7 manner.  The BCPA also required that California unconditionally limit its right to 
8 Colorado River water as stated above.  In 1929, the California legislature adopted this 
9 apportionment by passing the California Limitation Act. 

10 Section 5 of the BCPA authorizes the Secretary to contract with entities and individuals 
11 in the Lower Division states (including the states themselves) for delivery of Colorado 
12 River water.  These contracts are generally referred to as “section 5 water delivery 
13 contracts,” and are for permanent service. 

14 Table A-1.  Selected Documents Included in the Law of the River 

The River and Harbors Act, March 3, 1899 

The Reclamation Act of June 17, 1902 

Reclamation of Indian Lands in Yuma, Colorado River, and Pyramid Lake Indian Reservations Act of April 21, 1904 

Yuma Project authorized by the Secretary of the Interior on May 10, 1904, pursuant to section 4 of the Reclamation 
Act of June 17, 1902 

Protection of Property Along the Colorado River Act of June 25, 1910 

Warren Act of February 21, 1911 

Patents and Water-Right Certificates Acts of August 9, 1912 and August 26, 1912 

Yuma Auxiliary Project Act of January 25, 1917 

Availability of Money for Yuma Auxiliary Project Act of February 11, 1918 

Sale of Water for Miscellaneous Purposes Act of February 25, 1920 

Federal Power Act of June 10, 1920 

The Colorado River Compact, 1922 

The Colorado River Front Work and Levee System Acts of March 3, 1925, June 21, 1927, June 28, 1946 

The Boulder Canyon Project Act of December 21, 1928 

The California Limitation Act of March 4, 1929 

The California Seven Party Agreement of August 18, 1931 

The Rivers and Harbors Act of August 30, 1935 

The Parker and Grand Coulee Dams Authorization Act of August 30, 1935 

The Parker Dam Power Project Appropriation Act of May 2, 1939 

The Reclamation Project Act of August 4, 1939 

The Boulder Canyon Project Adjustment Act of July 19, 1940 

The Utilization of Waters of the Colorado and Tijuana Rivers and of the Rio Grande—Treaty between the United 
States of America and Mexico, February 3, 1944 (1944 Water Treaty) 
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  The Law  of the River 

 

The Flood Control Act of December 22, 1944  

Gila Project Act of July 30, 1947  

The Upper Colorado River Basin Compact of October 11, 1948  

Consolidated Parker  Dam Power Project and  Davis Dam Project Act of  May 28, 1954  

43 C.F.R. Part  414 

43 C.F.R. Part  417 

Palo  Verde Diversion Dam Act of August 31, 1954  

Change Boundaries, Yuma Auxiliary Project Act of February 15, 1956  

The Colorado River  Storage Project Act of April 11, 1956 

Water  Supply Act of July 3, 1958  

Boulder City  Act of  September 2,  1958  

Report of the Special Master, Simon H. Rifkind, Arizona v. California, et al., December 5, 1960 

United States Supreme Court Decree, Arizona v. California, March 9,  1964 

International  Flood Control Measures, Lower  Colorado River Act  of August 10, 1964  

Minutes 218, March 22, 1965; 241, July 14, 1972, (replaced 218); and 242, August 30, 1973, (replaced 241) of the 
United States Section, International Boundary and  Water Commission,  pursuant to the 1944  Water Treaty 

Southern Nevada (Robert B.  Griffith)  Water Project Act  of  October 22, 1965 

The Colorado  River Basin Project  Act  of September 30, 1968 

Criteria for the Coordinated Long Range Operation of Colorado River Reservoirs, June 8, 1970  

Supplemental Irrigation Facilities, Yuma  Division Act of September 25, 1970 

The Colorado  River Basin Salinity Control  Act of June 24, 1974, as amended 

United States Supreme Court Supplemental Decrees, Arizona v. California, January 9, 1979, April 16, 1984, and  
June 19, 2000  

Hoover Powerplant Act of August 17, 1984 (98 Stat. 1333)  

The Numerous  Colorado  River Water Delivery  and Project Repayment Contracts with the States of Arizona and 
Nevada, cities, water districts, and individuals 

Hoover and Parker-Davis Power Marketing Contracts 

Reclamation Reform Act of 1982 

Colorado River Floodway Protection Act  of 1986  

The Grand Canyon Protection  Act of  1992  (Public Law 102-575, 106 stat. 4669)  

The Reclamation States Emergency Drought Relief Act of  March  5, 1992, as extended by the Act of   
January 24, 2000 

The Interim  Surplus Guidelines Record of  Decision, effective February 25, 2001 (66 FR 7772  (January  25, 2001))  

Colorado  River Water Delivery Agreement of  October 10, 2003 (69 FR 12202–12215 (March 15, 2004)  
1  
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The Law of the River 

1 A.3 California Seven Party Agreement of 1931  
2 (Seven Party Agreement) 
3 Prior to entering into section 5 water delivery contracts with California agencies, the 
4 Secretary requested that those agencies recommend to the Secretary an apportionment of 
5 the California share of Colorado River water among California water users.  In response, 
6 seven major California entities executed the Seven Party Agreement, in which the 
7 California entities agreed to an apportionment of California’s share of Colorado River 
8 water and agreed to priorities among the seven parties, and recommended the adoption of 
9 such by the Secretary.  The terms of the Seven Party Agreement were incorporated into 

10 the Secretarial regulations dated September 29, 1931 and into the section 5 water delivery 
11 contracts with the Secretary, thereby placing the recommended apportionment into effect.  
12 The amount of Colorado River water apportioned under the Seven Party Agreement totals 
13 5.362 mafy, or 0.962 mafy more than California’s 4.4-maf apportionment in a normal 
14 year.  Therefore, diversions of more than 4.4 maf under Priorities 5a, 5b, and 6 in any 
15 given year are dependent upon the following conditions:  surplus water is available; 
16 Arizona and/or Nevada do not divert their full apportionments; less than 4.4 maf/yr is 
17 used within California by entities with higher priorities; or entities with Priorities 1 
18 through 3 and Present Perfected Rights (PPRs) take less than 3.85 mafy.  (PPRs are 
19 defined under the discussion of Arizona v. California below).  Delivery of Colorado 
20 River water within California is also controlled by the applicable provisions of the 
21 Colorado River Water Delivery Agreement, during the Agreement’s effective period. 

22 A.4 1944 Water Treaty 
23 Under Article 10(a) of the Utilization of Waters of the Colorado and Tijuana Rivers and 
24 of the Rio Grande—Treaty between the United States of America and Mexico dated 
25 February 3, 1944, (1944 Water Treaty) Mexico is entitled to an annual amount of 1.5 maf 
26 of Colorado River water.  Under Article 10(b) of the 1944 Water Treaty, Mexico may 
27 schedule up to an additional 0.2 maf when “there exists a surplus of waters of the 
28 Colorado River in excess of the amount necessary to satisfy uses in the United States.”  
29 This delivery is additional to the 7.5 maf allocated to the two basins.  The 1944 Water 
30 Treaty also addresses delivery of water to Mexico in an amount less than 1.5 maf in the 
31 event of extraordinary drought or serious accident to the irrigation system in the United 
32 States. 

33 A.5 Arizona v. California 1964 Supreme Court 
34 Decree (Decree) 
35 In 1964, the Supreme Court of the United States entered its Decree in Arizona v. 
36 California (376 U.S. 340), and supplemental Decrees were entered in 1979 (439 U.S. 
37 419), 1984 (466 U.S. 144), and 2000 (531 U.S. 1).  In accordance with the BCPA, and 
38 after providing that water may be released to satisfy the 1944 Water Treaty, the Decree 
39 apportioned water available for release from Colorado River water controlled by the 
40 United States for use in the states of Arizona, California, and Nevada.  The Decree also 
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The Law of the River 

1 recognized certain Federal reserved rights and provided a process for the quantification of 
2 all claimed PPRs, all to be supplied from the existing apportionments of the respective 
3 states.  In the context of Colorado River water, as set forth in the Decree, the term 
4 “PPRs” refers to water rights based upon diversion and beneficial use prior to the 
5 effective date of the BCPA (June 25, 1929).1  A Federal reserved right PPR for an Indian 
6 reservation does not need to be diverted or put to beneficial use to be established or 
7 preserved but remains reserved for that reservation as of the date of creation of the 
8 reservation.  All PPRs are numbered, and their relative priorities are set forth within the 
9 supplemental Decree entered January 9, 1979, although some of the Federal reserved 

10 right PPRs have been further modified by the supplemental Decrees entered in 1979, 
11 1984, and 2000.  The Federal reserved right PPRs identified in Article II(D)(1)–(5) of the 
12 Decree have the highest priority and are identified in the 1979 supplemental Decree as 
13 numbers 1–3, 22–25, and 81.  The miscellaneous PPRs identified in the 1979 
14 supplemental decree as numbers 7–21 and 29–80 have the next highest priority.  After 
15 Federal and miscellaneous PPRs are satisfied, the next category of water rights to be 
16 satisfied are the PPRs for water projects and water districts, which are identified in the 
17 1979 supplemental decree as numbers 4–6, 26–28, and 82. 

18 The Decree enjoins the Secretary from releasing or delivering water other than to water 
19 users in the United States with valid contracts made pursuant to section 5 of the BCPA or 
20 to specified Federal reservations.  The Decree provides the parameters for delivering 
21 water in “normal,” “surplus,” and “shortage” years.  Annual determinations of normal 
22 and surplus conditions by the Secretary are based upon the applicable provisions of the 
23 Interim Surplus Guidelines, during the Guidelines’ effective period (2001–2016). 

24 The Decree directs the Secretary to release 4.4 maf of mainstream water controlled by the 
25 United States to California in a normal year.  In addition to the normal year allocation, in 
26 a surplus year as determined by the Secretary, the Secretary shall apportion 50% of the 
27 water in excess of 7.5 maf for use in California.  In a shortage year, the Secretary must 
28 first satisfy all of the PPRs pursuant to the 1964 Decree and subsequent Decrees.  The 
29 Secretary must then apportion the remaining water consistent with the BCPA and the 
30 Decree, but in no event shall more than 4.4 maf be apportioned for use in California, 
31 including use by all PPRs.  The Decree also provides that Colorado River water 
32 apportioned to a Lower Division state, but not used by that state, may be made available 
33 to another Lower Division state (unused apportionment).  California, therefore, has 
34 historically been allowed to divert water that was apportioned to, but not used by, 
35 Arizona and Nevada. 

36 A.6 Colorado River Basin Project Act of 1968 
37 The Colorado River Basin Project Act of 1968 (CRBPA) authorized construction of a 
38 number of water development projects, including the Central Arizona Project and 
39 required the Secretary to develop the Criteria for Coordinated Long-Range Operation of 
40 Colorado River Reservoirs, and prepare an annual plan of operations for Colorado River 
41 reservoirs. 

1 Federal Reserved Rights do not require diversion and use to be considered valid water rights under the concepts 
embodied in the Federal Reserved Rights Doctrine. 
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Notice of Preparation 

To: 
(Agency) 

(Address) 

ii 11 :::E�POUTAN WATER DISTRICT OF SOUTHERNIP' r.AI lt=()f:lN/4 

Subject: Revised Notice of Preparation of a Draft Environmental Impact Report 

Lead Agency and Project Applicant: 

Agency Name The Metropolitan Water District of Southern California 

Street Address 700 North Alameda Street 

Los Angeles, CA 90012-2944 City/StatefZip 

Contact Dr. Marty Meisler 

The Metropolitan Water District of Southern California will be the Lead Agency and will prepare an environmental impact 
report for the project identified below. We need to know the views of your agency as to the scope and content of the environmental 
information which is germane to your agency's statutory responsij)ilities in connection with the proposed project. Your agency will 
need to use the ElR prepared by our agency when considering your permit or other approval for the project. This revised Notice of 
Preparation is supplemental to the original scoping conducted in June-July, 1999. Please reference SCH# 99061029 in your response. 

The project description, location, and the potential environmental effects are contained in the attached materials (Attachment No. 1). 
A copy of the Initial Study (0 is 18] is not) attached. 

Due to the time limits mandated by State Law, your response must be sent at the earliest possible date but not later than 30 days after 
receipt of this notice. 

Please send your response to Dr. Marty Meisler, Senior Environmental Specialist at the address shown above. We will need the name 
for a contact person in your agency. 

Project Title: Lower Colorado River Multi-Species Conservation Program 

Project Lower Colorado River from below Glen Canyon Riverside, San Bernardino, and Imperial 

Location: Dam to the Southerly International Boundary Counties 

with Mexico. 
-

Project The proposed project is the Lower Colorado River Multi-Species Conservation Program (LCR MSCP) for the Lower 
Colorado Reiver Basin within the historic floodplain from below Glen Canyon Dam to the Southerly International Description: 
Boundary with Mexico (Figure 1). Following preliminary review, The Metropolitan Water District of Southern 
California (Metropolitan) has determined that an Environmental Impact Report is required for this project, therefore. 
an initial study was not prepared (sections 15060 and 15063). 

The LCR MSCP is being developed as a joint endeavor of state, federal, tribal and other public and private 
stakeholders with interest in managing the water and related resources of the Lower Colorado River basin. The 
participants have agreed to develop, implement, and fund an MSCP for the Lower Colorado River that will (1) 
conserve habitat and work toward the recovery of threatened and endangered species as well as reduce the likelihood 
of additional species listings under the federal Endangered Species Act (ESA) and the California Endangered Species 
Act (CESA), (2) accommodate current water diversions and power production and optimize opportunities for future 
water and power development, to the extent consistent with the law, and (3) serve as the basis for incidental take 
authorizations under the ESA and CESA. Preliminary LCR MSCP alternatives currently under consideration, and 
which will be the focus of the supplemental public scoping meetings, include: (1) no action; (2) large habitat core 
restoration areas with minimized management; (3) smaller core restoration areas with more active, long-term 

-'- ,...�""' nfR�i,ulations. Title 14, (State CEQA Guidelines) Sections 15082(a), 15103, 15375, and Appendix I. 



management; (4) habitat preservation and enhancement; and (5) species coverage limited to federal threatened and 
endangered, and a number of sensitive, non-listed species. 

Potential environmental effects to be evaluated in the EIR include, but are not limited to, biological resources, cultural 
resources, hydrology and water quality, floodplains and wetlands, water and hydroelectric power uses, municipal and 
industrial uses, recreation, and agricultural and other land uses. Written comments on the scoping issues described in 
this NOP that will be addressed in the EIR must be received no later than August 28, 2000. Oral and written 
comments will also be accepted at the public scoping meetings to be held at the following locations: 

July 31, 6:00p.m., Yuma Desalting Plant, 7301 Calle Agua Salada, Yuma, AZ; 
August 1, 6:00p.m., California Department ofFish and Game, 14700 S. Broadway, Blythe, CA; 
August 2, 6:00p.m., Regional Government Center, 101 Civic Way, Laughlin, NV; 
August 3, 6:00p.m., Henderson Convention Center, 200 S. Water Street, Henderson, NV. 

A formal presentation of the LCR MSCP will be presented at 6:30 p.m., at each of the scheduled meetings. These 
scoping meetings are supplemental to the original scoping meetings held during June-July 1999. 

Date Signature -=,-/ �S
- { 00 

Title 

Telephone 

Principal Environmental Specialist 

213-217-6242 

· - '- -"n-�·•1 h•;""c TitlP. 14. (State CEQA Guidelines) Sections 15082(a), 15103, 15375, and Appendix I. 
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STATE OF CAUFORNIA 

Governor's Office of Planning and Research 

State Clearinghouse 

Gray Davis Steve Nissen 
ACTING DIRECTOR GOVERNOR 

Notice of Preparation 

July 28, 2000 

To: Reviewing Agencies 

Re: Lower Colorado River Multi-Species Conservation Program 

SCH# 1999061029 

Attached for your review and comment is the Notice of Preparation (NOP) for the Lower Colorado Rivet Multi
Species Conservation Program draft Environmental Impact Report (BIR). 

Responsible agencies must transmit their comments on th� scope and content of the NOP, focusing on specific 
information related to their own statutory responsibility, within 30 days of receipt of the NOP from the Lead Agency. 
This is a courtesy notice provided by the State Clearinghouse with a reminder for you to comment in a timely 
manner. We encourage other agencies to also respond to this notice and express their concerns early in the 
environmental review process. 

Please direct your comments to: 

Dr. Marty Meisler 
The Metropolitan Water District of Southern California 
700 N. Alameda Street 
Los Angeles, CA 90012-2944 

with a copy to the State Clearinghouse in the Office of Planning and Research. Please refer to the SCH number 

noted above in all correspondence concerning this project. 

If you have any questions about the environmental document review process, please call the State Clearinghouse at 

(916) 445-0613. 

s:s: 
?=

Scott Morgan 
Project Analyst, State Clearinghouse 

Attachments 
cc: Lead Agency 

1400 TENTH STREET P.O. BOX 3044 SACRAMENTO, CALIFORNIA 95812-3044 

916-445-0613 FAX 9I6-323-30I8 WW\11.OPR.CA.GOV/CLEARINGHOUSE.HTML 



Document Details Report 
State Clearinghouse Data Base 

SCH# 1999061029 

Project Title Lower Colorado River Multi-Species Conservation Program 
Lead Agency Metropolitan Water District of Southern California 

Type NOP Notice of Preparation 

Description The proposed project is the Lower Colorado River Multi-Species Program (LCR MSCP) for the Lower 
Colorado River basin within the 100-year floodplain from below Glen Canyon Dam to the Southerly 

lntemational Boundary with Mexico. 

Lead Agency Contact 
Name Dr. Marty Meisler 

Agency The Metropolitan Water District of Southern California 
Phone 213-217-6364 Fax 
email 

, Address 700 N. Alameda Street 
City Los Angeles State CA Zip 90012-2944 

Project Location 
County Riverside, San Bernardino, ••• 
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1 Appendix C 
2 LCR MSCP Scoping Summary Reports 

3 C.1 1999 Scoping Summary Report 
4 The purpose of this Report is to inform the public about the issues and concerns raised 
5 during the public scoping period, which ran from May 18 through July 27, 1999.  The 
6 Lower Colorado River Multi-Species Conservation Program Environmental Impact 
7 Statement/Environmental Impact Report/Biological Assessment (LCR MSCP 
8 EIS/EIR/BA) will, in turn, address key issues raised during scoping.  This report is 
9 intended to provide the public with a general summary of the comments and issues raised 

10 during scoping.  Development of the LCR MSCP EIS/EIR/BA will be based on the actual 
11 comments.  This Report is one of the action items contained in the LCR MSCP’s Public 
12 Involvement Plan, which can be accessed at www.lc.usbr.gov. 

13 C.1.1 Program Description and Purpose 
14 The LCR MSCP is a partnership of state, Federal, tribal, and other public and private 
15 stakeholders with an interest in managing the water and related resources of the Lower 
16 Colorado River Basin (LCR Basin).  The purposes of the LCR MSCP will be to: 

17 1. Conserve habitat to facilitate the recovery of threatened and endangered species and 
18 to reduce the likelihood of additional species listings under the Federal Endangered 
19 Species Act (ESA). 

20 2. Accommodate current water diversions and power production and optimize 
21 opportunities for future water and power development. 

22 3. Provide the basis for the ESA and the California Endangered Species Act (CESA) 
23 compliance via incidental take authorizations, resulting from the implementation of 
24 the first two purposes. 

25 C.1.1.1 Location 

26 The program area covers the mainstream of the lower Colorado River from below Glen 
27 Canyon dam to the Southerly International Boundary (SIB) with Mexico.  The program 
28 area includes the 100-year floodplain and reservoirs to full-pool elevations.  Potential 
29 conservation measures will focus on the lower Colorado River from Lake Mead to the 
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LCR MSCP Scoping Summary Reports 

1 international boundary, while the partnership is also open to considering cooperative 
2 conservation efforts developed by the Grand Canyon management effort. 

3 C.1.1.2 National Environmental Policy Act, ESA, and 
4 California Environmental Quality Act 
5 Compliance 

6 A single environmental compliance document will be prepared to fulfill requirements of 
7 the National Environmental Policy Act (NEPA), the ESA, and the California 
8 Environmental Quality Act (CEQA) for the LCR MSCP.  This document will have the 
9 working title of LCR MSCP EIS/EIR/BA.  The U.S. Department of the Interior, Bureau 

10 of Reclamation (Reclamation) and the U.S. Fish and Wildlife Service (USFWS) will 
11 serve as joint Federal lead agencies under NEPA, and The Metropolitan Water District of 
12 Southern California (Metropolitan) will serve as the CEQA lead agency. 

13 C.1.2 Public Scoping Process 
14 The scoping process is an early and integral part of planning, environmental review, and 
15 documentation for the LCR MSCP.  The process encourages the public and government 
16 agencies to help identify issues and topics that an EIS/EIR should address. 

17 Requests for comments and notices of public scoping meetings were posted through 
18 publication of a Notice of Intent (NOI) in the Federal Register (FR) on May 18, 1999 and 
19 filing a Notice of Preparation (NOP) with the State of California Clearinghouse on May 
20 26, 1999.  Copies of these Notices are maintained in the MSCP file. 

21 Seven scoping meetings were held in Arizona, California, and Nevada on June 15, 16, 17, 
22 22, 23, 30, and July 1, 1999, to inform the public about the LCR MSCP process and to 
23 solicit input.  A total of 102 individuals attended these meetings.  The original sign-in 
24 sheets are maintained in the LCR MSCP file.  A total of 35 comment letters were 
25 received during the formal comment period, which ended July 27, 1999. 

26 Following is a summary of the written comments received during the NEPA public 
27 scoping period (May 18 through July 27, 1999) and a summary of the verbal comments 
28 offered at the scoping meetings.  The comments have been compiled into one of five 
29 categories.  The categories are:  1) Conservation Alternatives and Measures, 2) Draft 
30 Alternative Formulation Criteria, 3) Alternatives for Reducing Incidental Take of 
31 Threatened and Endangered Species, 4) Issues for Analysis in the EIS/EIR/BA (the first 
32 four categories were taken from the Public Comments and Suggestions sheet that was 
33 made available at the meetings), and 5) Other.  The written comments are maintained in 
34 the LCR MSCP file. 
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1 C.1.3 Summary of Written Comments 

2 C.1.3.1 Conservation Alternatives and Measures 

3  The LCR MSCP must examine alterations in the river’s flow regime in addition to 
4 the current focus on land acquisition and restoration.  The alternatives presented in 
5 the EIS/EIR must include an analysis of protected flood flows for the Colorado River 
6 delta.  How might the surplus/shortage criteria affect the frequency and magnitude of 
7 flood flows through the delta? 

8  The planned Long-Term Monitoring and Adaptive Management Plan must be fully 
9 presented as an integral component of any possible alternatives in the EIS/EIR. 

10  Due to effects of Glen Canyon Dam, its removal should be included as an alternative 
11 considered by the LCR MSCP. 

12  Proposed management actions should be based only on the water supplies that may 
13 be available in the future given the existing storage and conveyance systems. 

14  Examples of ideas to consider when developing short- and long-term alternatives that 
15 meet the dual objectives of the LCR MSCP are:  water supply allocation for instream 
16 and environmental beneficial use, water transfers, conjunctive use, water 
17 conservation, non-point source pollution control, development and implementation of 
18 a dynamic water management model for the LCR Basin mimicking the natural cycle, 
19 remediation/restoration projects throughout the ecosystem, including the delta, and 
20 multi-purpose projects; e.g., habitat restoration/agricultural drainage projects. 

21  Incorporate ecosystem planning and implementation. 

22  Require all new and future development along the Colorado River to plant only 
23 willows or cottonwood.  Limit the type of shrubs and trees homeowners and 
24 businesses may plant within a certain radius (one mile, perhaps) of the river.  Prohibit 
25 the planting of certain types of trees/shrubs (oleanders, tamarisk, etc.). 

26  Consideration should be given to the fact that historic habitats no longer exist and 
27 endangered species, particularly fish, cannot survive as they once did along the lower 
28 Colorado River.  With this in mind, conservation measures should require absolute 
29 minimum restrictions to operation and maintenance, and water and power 
30 development. 

31  Grow the endangered species in controlled atmosphere away from danger. 

32  Require municipal water districts to develop and carry out water conservation plans. 

33  Develop a water conservation program for California landscape and man-made 
34 backwaters for wildlife habitat. 

35  Laws should be passed that would prevent the planting or maintenance of salt cedars. 

36  Consider that coastal desalinization can provide more water in the Colorado River 
37 system for wildlife needs, vegetation needs, power production, drought preparation, 
38 recreational needs, flood control regulation, municipal needs, international treaty 
39 obligations, Native American needs, and litigation reduction. 

Lower Colorado River December 2004 
Multi-Species Conservation Program C-3 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

 
 

 

 

 

 

LCR MSCP Scoping Summary Reports 

1  Under the description of the No Action/No Project Alternative, it should be made 
2 clear that Reclamation would have to reinitiate section 7 consultation on a project-by-
3 project basis as it implements the conservation measures of the LCR MSCP, instead 
4 of under the auspices of a “program.” 

5  Reclamation must develop a full range of alternatives that includes an environmental 
6 alternative.  There must be an alternative dedicated primarily to species and habitat 
7 preservation. 

8  Due to certain unresolved legal issues concerning the Law of the River, the EIS/EIR 
9 should analyze alternatives in two contexts:  1) with the Law of the River as many 

10 thought it was, and 2) with the Law of the River as it might be changed by adding 
11 authorized purposes for the operation of Glen Canyon Dam and expanding the role of 
12 Interior with regard to operation of Colorado River facilities. 

13 C.1.3.2 Draft Alternative Formulation Criteria 

14  Small successful measures that can be well-managed and possibly grow over time are 
15 better than large, unmanageable plans. 

16  Consider human needs and beneficial uses as well as the weaker endangered species.  
17 Don’t be so radical over the endangered species. 

18 
19 

C.1.3.3 Alternatives for Reducing Incidental Take of 
Threatened and Endangered Species 

20  Develop educational programs that involve rather than alienate communities. 

21  Maintain existing flows in the Colorado River. 

22  Provide for the recovery of native fish populations. 

23  Realize that the dams and proper water use are not the major causes for the loss of 
24 endangered species—game fish eat them. 

25 C.1.3.4 Issues for Analysis in the EIS/EIR/BA 

26 Wildlife—General 

27  The EIS/EIR should discuss the impacts of the alternatives analyzed in the context of 
28 Public Law 105-57, the National Wildlife Administration Act of 1996. 

29  Based on the NOI and the NOP, the LCR MSCP planning process seems to be 
30 species-based rather than truly ecosystem-based.  There should be a genuine attempt 
31 made to incorporate at least some higher level of biotic organization (community-
32 level, perhaps) as a target level for management. 
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LCR MSCP Scoping Summary Reports 

1  Analyze the impacts of the alternatives on each state’s fish and wildlife management 
2 agency’s ability to maintain the natural biodiversity and their ability to implement 
3 other state-specific wildlife initiatives. 

4  The biota must be managed first, not their habitat. 

 Compliance with all requirements of the ESA must remain the highest priority for the 
6 LCR MSCP. 

7  There is a potential for adverse impacts from burros along the lower Colorado River. 

8  Evaluate recreational use of the river and its impacts on wildlife.  Consider 
9 introduced species of wildlife and their effects on native species. 

 Reclamation’s dams and water diversions along the Colorado have caused the decline 
11 and endangerment of many wildlife species. 

12 Wildlife—Aquatic 

13  There appears to be an inconsistency between the fact that Reclamation’s operation 
14 of the river jeopardizes the existence of bonytail and razorback suckers (as concluded 

in the Biological Opinion) and the program objective to accommodate the 
16 optimization of opportunities for future water and power development. 

17  Native Colorado River species and non-native fishes cannot co-exist.  Native fishes 
18 can complete their life cycles in other-than unspoiled, virgin habitat. 

19  Introduced sport fish species are an integral component of aquatic resources in the 
lower Colorado River. 

21 International Impacts 

22  Consideration should be given to the entire LCR Basin ecosystem, including the delta 
23 because actions taken on the lower Colorado River could have significant 
24 implications for fragile species and habitat in the Colorado River Delta and Sea of 

Cortez. 

26  Consider the delta region of the river in Mexico which has Yuma clapper rails, desert 
27 pup fish, and Southwestern willow flycatchers and other threatened and endangered 
28 species in the Cienega de Santa Clara.  The delta likely acts as population reservoirs 
29 for many of the endangered species in the United States. 

 The delta also supports largest remaining stands of critical habitat types including 
31 willow thickets, cottonwood-willow gallery forests, and emergent wetlands. 

32  The United States can positively impact ecosystems in Mexico through timing and 
33 volume of water releases. 

34  LCR MSCP participants are urged to consider binational cooperation and 
collaboration with Mexico.  The U.S. Environmental Protection Agency (EPA) has 

36 an obligation to consider international (trans-boundary) issues and to work with 
37 Mexico pursuant to NEPA and the La Paz Agreement. 
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LCR MSCP Scoping Summary Reports 

1  Ensure that jurisdictional drainage requirements are met, especially those dealing 
2 with peak flows, change in water quality, increased flow volumes, and redirection of 
3 flows. 

4 Recreation 

 Recreational boating in the Bullhead/Laughlin area would be dramatically impacted 
6 if proposed habitat areas absorb a considerable amount of water. 

7  Impact on local boating could be very significant. 

8  Ensure continued recreational opportunities, specifically a viable sport fishery. 

9  Consider the important recreational and economic values of sport fishing while 
addressing LCR MSCP objectives. 

11  Efforts to enhance and conserve native fishes and recreational fishing opportunities 
12 are not mutually exclusive actions. 

13  Analyze the impacts of the alternatives, including implementation of conservation 
14 actions, on hunting, fishing, and boating opportunities, access, use days, and safety. 

 The EIS/EIR should comply with Presidential Executive Order 12962 of June 7, 
16 1995, titled Recreational Fisheries. 

17  The EIS/EIR should discuss the impacts of the alternatives analyzed on functionality 
18 and public use of areas and features developed as mitigation for changes in habitat 
19 value or reduction in public use resulting from past actions under previously 

completed environmental compliance. 

21  Sport fishing programs have considerable recreational and economic importance; 
22 consider short- and long-term negative impacts and mitigate appropriately. 

23  How will growing the population (including weekend and holiday users) along the 
24 lower Colorado River impact the LCR MSCP or be impacted by the program?  How 

do you propose to control their activities that affect the LCR MSCP? 

26  Do not eliminate two-cycle gasoline marine engines from the river. 

27  What will be the impacts to recreational vehicles, boats, etc.? 

28  Don’t restrict use of or access to the river. 

29 Hydrology 

 The baseline evaluation should include a water budget for the lower Colorado River, 
31 including the delta. 

32  Would like the LCR MSCP to consider water flows, including water provided as a 
33 requirement through the 1944 Water Treaty, be delivered through the Laguna and 
34 Yuma divisions of the lower Colorado River from Imperial Dam to Morelos 

Diversion Dam (currently, these flows bypass these reaches of the river). 
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LCR MSCP Scoping Summary Reports 

1 Socioeconomics 

2  In light of potential recreational impacts, what impacts would there be to Laughlin 
3 (and its casinos) as a destination/launch point? 

4  The EIS/EIR should analyze the effects of the free market, deregulation of electrical 
5 power, and Reclamation competing with free market for power generation. 

6  Consider Southern California’s growing Hispanic population. 

7  Consider damage done to farming areas by mismanaging water or causing flood 
8 damage to the lower Colorado River area. 

9  How will private property owners along the river be affected by the LCR MSCP? 

10  What will be the economic impacts to those living along the river of implementing 
11 the LCR MSCP? 

12 Water Quality 

13  Consider agricultural runoff impacts on water quality. 

14  No hazardous material should be allowed to be used in the lower Colorado River. 

15 Navigability 

16  Development of habitat, along with daily filling and emptying, in the South Bullhead 
17 to Needles reach could impact navigability of the river. 

18 C.1.3.5 Other 

19  Recommend that the dual program purposes (work toward recovery of listed and 
20 potentially listed species while accommodating current water and power operation 
21 and optimizing opportunities for future water and power development) be evaluated 
22 in relation to one another rather than one by one. 

23  It should be acknowledged that the objective to move listed species toward recovery 
24 may conflict with some of the present water and power operations. 

25  Discussions should include pre-water supply, hydroelectric generation, and past 
26 impacts. 

27  The LCR MSCP planning process would benefit from the involvement of more non-
28 governmental conservation organizations. 

29  Full disclosure and consideration of all inputs must characterize the EIS/EIR process. 

30  The United States Section of the International Boundary and Water Commission 
31 (USIBWC) is preparing an EIS for proposed activities in the Limitrophe division 
32 between the Northerly International Boundary (NIB) and the SIB.  The USIBWC will 
33 coordinate actions/alternatives with the LCR MSCP. 
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LCR MSCP Scoping Summary Reports 

1  Reclamation should maintain contact with the Upper Colorado State’s Governors 
2 regarding studies that might affect surplus activities of upper users. 

3  The Bard Water District, with its second water right on the river, should be more 
4 closely involved with this planning process. 

5  The Natural Resources Conservation Service (NRCS) should be involved in the 
6 development of the LCR MSCP. 

7  How can the public’s comments concerning alternatives be meaningfully 
8 incorporated into the program if the Work Group for the LCR MSCP will be 
9 approving program alternatives in a meeting the same day public comments are due? 

10  The LCR MSCP planning process is pseudo-public in nature. 

11  Reclamation should have prepared an EIS on its operations and maintenance 
12 activities.  The present NEPA analysis will need to be more comprehensive in order 
13 to compensate for the lack of pre-existing NEPA analysis and baseline information. 

14  Reclamation has more discretion than it asserted in its 1996 Biological Assessment. 

15  The Law of the River may not be a stable backdrop for the development of the LCR 
16 MSCP based on discussions involving the Adaptive Management Program 
17 concerning power operations at Glen Canyon Dam. 

18  Actions to consider in the evaluation of cumulative impacts should include the Salton 
19 Sea project, USIBWC Lower Colorado River Boundary and Capacity Preservation 
20 Project, California’s 4.4 Water Allocation Plan, and current and reasonably 
21 foreseeable actions by those who use or are located along the lower Colorado River. 

22  Public notices should be in “plain English.” 

23 C.1.4 Summary of Verbal Comments 

24 C.1.4.1 Issues for Analysis in the EIS/EIR/BA 

25 Recreation 

26  River trails and other access facilities for the river should be developed. 

27  The LCR MSCP should not impact flood plain access and use by off-road  
28 vehicles (ORV). 

29  Use of Personal Water Craft (PWC) should not be restricted. 

30  This endangered species program should not significantly change recreational use on 
31 and along the lower Colorado River. 

32  Rumors of National Park Service limiting PWC use at Willow Beach and agencies 
33 restricting all ORV access to the flood plain. 

34  Extensive restoration of cottonwood-willow forests will impact recreation since it is 
35 assumed endangered species habitat will be off limits to recreation. 
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LCR MSCP Scoping Summary Reports 

1 Water Quality 

2  Protect water quality; effects of boat fuels (e.g., methyl tertiary-butyl ether [MTBE]) 
3 on the environment. 

4 Socioeconomics 

5  Protect private property from condemnation for habitat purposes; private land on the 
6 river is limited. 

7 Navigability 

8  Navigation will be impacted by spreading river waters across the flood plain for 
9 habitat restoration purposes. 

10 Cultural Resources/Native Americans 

11  Native American tribes have significant cultural ties to the river and an interest to 
12 preserve and restore natural resources while maintaining economic development 
13 opportunities. 

14  Government-to-government consultations with Native American tribes on the river 
15 should be timely. 

16 Water Rights/Water Allocation 

17  Cibola Community concerned that sale of district water rights will result in degraded 
18 lands with diminished wildlife diversity and value. 

19  River water is over appropriated and too much is diverted, resulting in detriment to 
20 the river ecosystem. 

21 Public Health 

22  Creation of more marsh habitat will result in increased mosquitoes. 

23  Operation of Davis Dam associated with small insect problem (possibly black flies). 

24 Other 

25  Cibola Community suggested that the Blythe public meeting should have been held 
26 in their area, particularly at the Cibola National Wildlife Refuge (NWR). 
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1 C.2 July–August 2000 Scoping Summary Report 
2 The purpose of this report is to summarize the issues and concerns raised during the 
3 supplemental public scoping period, which ran from July 12 through August 11, 2000.  
4 The combined EIS/EIR and BA for the LCR MSCP will, in turn, address key issues 

raised during scoping.  This report is intended to provide the public with a general 
6 summary of the written and verbal comments and issues raised during public scoping in 
7 2000.  This report is one of the action items contained in the LCR MSCP’s Public 
8 Involvement Plan, which can be accessed at www.lc.usbr.gov. 

9 C.2.1 Program Description and Purpose 
The LCR MSCP is a partnership of State, Federal, Tribal, and other public and private 

11 stakeholders with an interest in managing the water and related resources of the LCR 
12 Basin.  The purposes of the LCR MSCP are: 

13 1. Conserve habitat and work toward the recovery of threatened and endangered species 
14 as well as reduce the likelihood of additional species listings under the ESA and 

CESA, 

16 2. Accommodate current water diversions and power production and optimize 
17 opportunities for future water and power development, to the extent consistent with 
18 law, and 

19 3. Provide the basis for take authorization pursuant to ESA and CESA. 

C.2.1.1 Location 

21 The program area covers the mainstream of the lower Colorado River from below Glen 
22 Canyon Dam to the SIB with Mexico.  The program area includes the historical 
23 floodplain and reservoirs to full-pool elevations.  For LCR MSCP EIS/EIR and BA 
24 planning purposes, potential conservation measures will focus on the lower Colorado 

River from Lake Mead to the international boundary, while the LCR MSCP partnership is 
26 also open to considering cooperative conservation undertakings developed by the Grand 
27 Canyon management effort. 

28 C.2.1.2 NEPA, ESA, CESA, and CEQA Compliance 

29 Several environmental documents will be prepared to fulfill requirements of NEPA, ESA, 
CESA, and CEQA for the LCR MSCP.  In addition to the EIS/EIR and BA, the state 

31 partners will develop a Habitat Conservation Plan (HCP) and California will develop a 
32 Natural Community Conservation Plan (NCCP).  Reclamation and USFWS will serve as 
33 joint Federal lead agencies under NEPA for the EIS, and MWD will serve as the CEQA 
34 lead agency for the EIR portion of the combined document. 
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LCR MSCP Scoping Summary Reports 

1 C.2.2 Public Scoping Process 
2 The scoping process is an early and integral part of planning, environmental review, and 
3 documentation for the LCR MSCP.  The process encourages the public and government 
4 agencies to help identify issues and topics that an EIS/EIR should address. 

5 Requests for comments and notices of public scoping meetings were posted through 
6 publication of a Supplemental NOI in the FR on July 12, 2000, and filing a Revised NOP 
7 with the State of California Clearinghouse July 25, 2000. 

8 Four supplemental scoping meetings were held in Arizona, California, and Nevada on 
9 July 31, August 1, 2, and 3, 2000, to inform the public about the LCR MSCP process and 

10 to solicit input.  A total of 49 individuals attended these meetings.  A total of 25 comment 
11 letters were received during the formal comment period, which, upon request, was 
12 extended an additional 30 days until September 15, 2000. 

13 Following is a summary of the written comments received during the NEPA 
14 supplemental public scoping period (July 12 through September 15, 2000) and a 
15 summary of the verbal comments offered at the four public scoping meetings. 

16 C.2.3 Summary of Written Comments 

17 C.2.3.1 General Comments:  Water, Environment, 
18 and Alternatives 

19  Should eliminate use of 40,000 cubic feet per second (cfs) release due to 
20 legal/physical constraints and possible property damage outweigh the insignificant 
21 amount of habitat enhanced. 

22  Recent studies do not support 80,000 acres for conservation; use most up-to-date, 
23 LCR MSCP-sponsored studies. 

24  Notice doesn’t mention lead agencies intent to undertake ESA consultation activities 
25 in Mexico.  Extending ESA/NEPA impact analysis into Mexico is improper and 
26 should not be part of the LCR MSCP EIS/EIR documents.  We have No Obligation 
27 to consult in foreign country. 

28  Alternatives don’t quantify off-stream refugia—needed to evaluate feasibility. 

29  In stream stocking measures lack specificity as to how it will improve water quality. 

30  Will reintroducing extirpated species create additional restrictions? 

31  Would support if species designated “nonessential, experimental populations.” 

32  Overall alternatives form a good framework to develop actual alternatives. 

33  Concerned that water rights should not be compromised. 

34  Concerned that groundwater under adjacent property was not raised. 
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LCR MSCP Scoping Summary Reports 

1  Concerned about proposed high flow spikes affecting facilities and groundwater 
2 under lands along river. 

3  Concerned water levels in drains and spill channels rising causing operational 
4 problems and raising groundwater under farmland. 

5  Concerned affect of land conversions to habitat areas on ability to collect fees for that 
6 land.  How will funds be reimbursed for loss of agricultural land? 

7  Concerned affect of the various wildlife and insects in habitat areas encroaching into 
8 farm fields to feed etc.  For example, landowner fighting pest birds in planted field 
9 while habitat is raising them; insects flourishing in protected habitat swarming into 

10 fields and town causing damage and increased control costs—mosquitoes, white fly, 
11 etc. 

12  Concerned over fires in habitat areas getting out of control and damaging adjacent 
13 property. 

14  Concerned over ability to perform maintenance on facilities crossing or adjacent to 
15 habitat areas. 

16  Reiterate comments from previous scoping period in 1999:  geographic scope of the 
17 MSCP should include the Colorado River delta and upper Gulf of California; section 
18 7 compliance should be highest priority of LCR MSCP; accomplish habitat 
19 restoration via dedicated flows. 

20  Large core/Minimal management would still need substantial management. 

21  Should target specific river reaches for restoration and reintroduction of natives. 

22  Alternative 1—Improve habitat for fish in selected reaches by, 1) providing warmer 
23 water, 2) mimicking releases to match more historic hydrograph and dedicate water 
24 for this purpose, and 3) reintroduce sediment. 

25  Need permanent control of non-natives. 

26  Propose 5th Alternative—Alternative 1 plus habitat improvement for fish and 
27 augment native fish populations in tributaries. 

28  Concerned Alternative 2 about edge effect and not putting fish in mainstem.  
29 Concerned Alternative 3 will abandon efforts on mainstem. 

30  Large cores would still require intensive management. 

31  Need several locations for fish habitat—not just one hatchery. 

32  Need warmer water for fish. 

33  Designate key segments of river off-limits to recreational users. 

34  Remove one or more dams below Hoover. 

35  3,000 acres too low, 80,000 more appropriate. 
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1 C.2.3.2 County and local organizations 

2  Concerned with:  1) impact of recreation use on habitat areas—need educational 
3 campaign; 2) impact of insect-carried disease on low-income areas—Environmental 
4 Justice (EJ) issues; 3) impact of creating habitat near Mexico border and facilitating 

illegal crossings; 4) impact of conversion of agricultural lands on economic 
6 development; 5) impact of additional river water effecting a rise in the groundwater 
7 table. 

8  Prefer Alternative 1 

9  Should be able to mix and match alternatives. 

 If impacts to private property (such as flooding) should address purchase. 

11  Should look at tributaries (such as Bill Williams). 

12  Favor combination of Alternatives 1 and 2.  Feel #3 and #4 would result in other 
13 species suffering. 

14  Concerned if water levels diminish will not be able to provide adequate law 
enforcement to recreational areas in their jurisdiction.  Also, radio communication 

16 repeaters would have to be moved. 

17  Concerned over lake levels—too low or too high—impacts to recreation-based 
18 businesses. 

19  Concern that CEQA and CESA guidelines are followed.  And all California 
Deptment of Fish and Game policies be addressed. 

21 C.2.3.3 Tribal 

22  Propose hybrid alternative—mix of large and small cores plus native fish 
23 reintroduction to mainstem. 

24  Need native fish stocking program. 

 Need exotic fish and plant species management program. 

26  How are the MSCP and the Interim Surplus Criteria (ISC) connected—some habitat 
27 components for MSCP may fail if ISC is developed.  Concerned how they will work 
28 together.  Will MSCP plan work within limitation of ISC to satisfy water requirement 
29 for successful MSCP ESA mitigation in Limitrophe...Draft EIS ISC puts NIB as 

southern boundary. 

31 C.2.3.4 Additional Public Comments 

32  Look at restricting motorized boating (Havasu NWR). 

33  More outreach to local conservation organizations and local governments. 

34  Concerned over water level fluctuation on local backwaters and impacts to 
waterfowl. 
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1  Need more water in the Yuma Division, but look at impacts to high groundwater and 
2 power. 

3  Best element of each alternative should be combined for preferred. 

4  Could construct a surge reservoir (8,000–10,000 acre-feet) at Drop One of All 
American Canal (AAC). 

6  3,000 acres low—80,000 more appropriate. 

7  Public health impacts due to backwaters.  Low-income families affected by disease 
8 from mosquitoes and high water table affecting single-point wells and septic tanks. 

9  Concept of temporary weirs in Colorado River above Gila to effect ponded water. 

 Growth in Yuma will require more water-based recreational activities. 

11  Need to coordinate with local planning entities. 

12  Concern over water quality. 

13  Concern over limiting public access; EJ vs. public needs. 

14  Concern over impacts of 40,000 cfs release. 

 Look at conservation opportunities on Bill Williams River above and below Alamo. 

16  Impact of future development on MSCP options.  MSCP competing for land. 

17  Should consider open space and riverbank corridors along Bullhead City. 

18  Large habitat blocks will need management. 

19  One hatchery is not enough. 

 Look at warming water and higher releases. 

21  Concerned acquiring active agricultural land will equal loss of jobs. 

22  Where is water allocation and funding coming from? 

23  Explore effects of dams on ecosystem, then do detailed cost/benefit study. 

24  Particularly concerned with loss of water to evaporation from Lake Powell. 

C.2.4 Summary of Verbal Comments—July 31 
26 through August 3, 2000 

27 C.2.4.1 Summary of Public Comments Offered at the 
28 July 31, 2000, Public Meeting, Yuma, AZ 

29  Need more water in the Yuma Division—use the river to make deliveries to Mexico, 
but need to consider effect to agriculture (high groundwater), power production, etc. 

31  How do water users get credit for environmental benefit of water? 

32  With reference to the current river biological opinion, have the 300 acres for  
33 native fish. 
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1  Ponds been identified and what effect  will they have on sport fishing? 

2  Of the four framework alternatives presented, the best elements of each should be  
3 considered as an alternative. 

4  River water management might be enhanced (some peaking) by constructing a surge 
5 reservoir (8,000–10,000 acre-feet) at drop one of the AAC. 

6  Of the conservation range of 3,000 to 80,000 acres, the former is inadequate while 
7 the latter or larger acreage is more appropriate. 

8  Indirect effects of water transfers, e.g., deliveries to San Diego need to be analyzed. 

9  Additional alternative is more efficient use of water, conservation practices in  
10 use areas. 

11  How much take of listed species and why? 

12  More water in Yuma Division will result in higher groundwater, thus impacting 
13 agriculture lands.  It could impact hydropower production at Siphon Drop and 
14 possibly Imperial Irrigation District (IID). 

15  ESA and ecological management is letting our resources deteriorate, e.g., burning of 
16 forests; are endangered species laws being used for political purposes and are they  
17 cost effective?  We stock game fish and then pay to protect endangered species. 

18  Public health needs to be considered in the development and management of 
19 backwaters and marshes; vector control is an expense and concern for local 
20 government. 

21  Hydropower is clean energy.  Restricting its use and restraining coal generating 
22 plants can contribute to current and future power deficiencies in the southwest. 

23  Isolated sites (re new habitats) on the border may be used by smugglers and drug 
24 traffickers, resulting in an increased need for law enforcement. 

25  Will other actions such as ISC inhibit the ability of the MSCP to develop habitat in 
26 the Limitrophe Division? 

27  Follow up on concept of temporary detritus weirs in the Colorado River above the 
28 Gila confluence to effect ponded water, where such weirs would be removed easily 
29 by flood flows. 

30  The three lakes on Yuma Island could serve as the proposed fish refugia, including 
31 Bard and Haughtelin Lakes. 

32  With the anticipated growth in the Yuma  and San Luis areas—the latter growing to 
33 40 thousand people by  2010—additional water-related recreation will be needed in 
34 the area, focusing on the Colorado River. 

35  Environmental water—how do you get it?  Can it be obtained within existing 
36 entitlements? 

37  Is the status of endangered Yuma clapper rail such that it can be down listing or 
38 delisted? 

39  Additional clarification of source of the 58,000 acres in alternative three is needed. 
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1  Will water continue to flow in the Main Outlet Drain Extension (MODE) to the 
2 Cienega de Santa Clara?  

3  How will the boundary rectification project, proposed by the USIBWC, impact the 
4 MSCP? 

5  The MSCP needs to coordinate with local planning entities. 

6 C.2.4.2 Summary of Public Comments Offered at the 
7 August 1, 2000, Public Meeting, Blythe, CA 

8  Recommended that Glen Canyon Dam not be removed. 

9  Interested if additional water quality monitoring would result from  MSCP on the  
10 lower Colorado River. 

11  Are activities under MSCP driven by an existing budget? 

12  Communication with agricultural communities associated with potential conversion 
13 of cultivated lands to perennial habitat should be done early in the planning process 
14 and include feasibility, socioeconomic impacts etc. studies. 

15  Issues exist regarding releases from the lower Colorado River system reservoirs with 
16 “spikes” for habitat establishment. 

17  Who is going to pay for MSCP? 

18  Concern for fire management needs to protect and sustain restored habitats. 

19  Concerns about limiting public access to habitat sites and implementation of 
20 appropriate management that takes into account public use. 

21  Are public appeals available if documents do not fully address public concerns? 

22  Will there be potential for additional water quality concerns due to development and 
23 implementation of the MSCP? 

24  Concern expressed as to protection and management of endangered species and 
25 human needs and uses. 

26 C.2.4.3 Summary of Public Comments Offered at the 
27 August 2, 2000, Public Meeting at  
28 Laughlin, NV 

29  Under alternative 2, why  no stocking of refugia-raised fish in the mainstem river?   
30 This would appear to be a logical step for all alternatives. 

31  Local governments need to be involved in MSCP development.  Why was Mohave 
32 County  not asked to participate? 

33  Status of endangered Yuma clapper rail might merit a reclassification. 
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1  Conservation areas—some which may be larger in size—would be in conflict with 
2 recreation.  What are the impacts to recreation?  How would the conservation areas 
3 be managed if restrictions were placed on people and their use? 

4  Consider an alternative that returns the river to what it was before development, since 
5 species are endangered due to development. 

6  What are the socioeconomic damages associated with periodic flood control and 
7 space-building releases of 40,000 cubic feet per second?  Is this really a serious 
8 option when the accompanying property damage is considered? 

9  Is consumptive use of water an issue? Being considered in plan development? 

10  Potential conservation opportunities are shown on the Virgin River but none for the 
11 Bill Williams River, both above and below Alamo Dam. 

12  How will the MSCP be funded? 

13  Land acquisition will be very difficult and should be carefully considered in plan 
14 development. 

15  How will the Mohave Valley be affected by the MSCP?  Is ownership and continued 
16 development (new homes) being considered in the land acquisition phases of the 
17 anticipated MSCP? 

18  Should consider open space and riverbank corridors along Bullhead City in MSCP 
19 planning for alternatives. 

20  How will the MSCP engage Native Americans to get their participation in the 
21 program? 

22  How will the MSCP impact current and future uses on lands included in the MSCP? 

23  Any MSCP on the river should not stop at 50 years but look at being permanent. 

24  The MSCP will be competing for land; development is taking place along the river 
25 and will continue in the future. 

26  Laughlin is concerned about developing MSCP conservation habitat on Colorado 
27 River Commission (CRC) land and its affect on future revenue and expansion. 

28  How will the plan affect Lake Mead elevations and associated recreation use and 
29 businesses? 

30  What is or will be done to address the invasion of non-native vegetation? Will such 
31 control be part of the MSCP? 

32  The MSCP purpose and need statement needs to be provided for public review and 
33 understanding. 

34  Need to establish a working linkage with local governments and groups, e.g., 
35 Southern Regional Planning Coalition. 

36  Involve local governments; present the MSCP at local governmental meetings. 
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1 C.2.4.4  Summary of Public Comments Provided at 
2 August 3, 2000, Scoping Meeting at 
3 Henderson, NV 

4  Alternative One, even with large habitat blocks, will need considerable management. 

5  The fish approaches are to minimalist.  One hatchery is not enough when considering 
6 disease and other potential disasters.  Multiple hatcheries are needed. 

7  The plan should not beat least 100 years in duration, as it will take considerable time 
8 to remove exotics and establish native habitat. 

9  A proposal (alternative) that mimics the natural river system is missing. 

10  Multiple use does not work with species management. 

11  Need to acquire land now, as it is being sold and developed. 

12  Dams have altered the river, effecting cold water releases.  Look at facilities to 
13 release warmer water and higher releases. 

14  Alternative One makes the most sense but it needs active management. 

15  The list of included species should be realistic and not just big.  E.g., California 
16 brown pelican is on list but the Colorado River is not in its range. 

17  Reclaimed water is being used for golf courses and not for habitat/conservation. 

18  Irrigated, restored sites will be subject to salt build up; thus a management problem  
19 for consideration. 

20  River is over allocated, no water for other uses. 

21  Water conservation should be considered. 

22  How will cumulative and indirect impacts be addressed? 

23 C.3 November 2003 Public Information Meetings 
24 Summary Report 
25 The purpose of this report is to provide the public a general summary of the comments 
26 and issues raised during three LCR MSCP public information meetings held  
27 November 4, 5, and 6, 2003. 

28 A public involvement program has been in place since the beginning of the development 
29 of the LCR MSCP.  The initial NOI to prepare a joint EIS/EIR and hold public scoping 
30 meetings was published in the FR on May 18, 1999 (64 FR 95:27000–27002), and a 
31 supplemental NOI was published on July 12, 2000 (65 FR 134:43031–43034).  The 
32 initial NOP with the State of California Clearinghouse was filed on May 26, 1999, and a 
33 Revised NOP with the State of California Clearinghouse was filed on July  25, 2000.  
34 Two multi-state sets of public information and scoping meetings were held in 1999 and 
35 2000.  A summary of comments provided during those scoping periods is provided on the 
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LCR MSCP Scoping Summary Reports 

1 Internet at Reclamation’s web site: www.usbr.gov/lc/region.  The 2003 set of meetings 
2 were the third and final in the series of information and scoping meetings. 

3 The November 2003 public information meetings were presented as a public service in 
4 the event any new issues had been identified since the first two series of public scoping 

meetings.  A public information meeting was held in each of the three stakeholder states; 
6 Arizona, California, and Nevada on the following dates at the following locations: 

7  November 4, 2003, 6:30–8:30 p.m., Yuma, Arizona, Yuma Crossing State Historic 
8 Park, 201 North Fourth Avenue, Quechan Room; 

9  November 5, 2003, 6:30–8:30 p.m., Blythe, California, City Council Chambers, 
235 North Broadway; and 

11  November 6, 2003, 6:30–8:30 p.m., Laughlin, Nevada, Regional Government Center, 
12 101 Civic Way. 

13 At each of the public information meetings listed above the stakeholders presented an 
14 overview of the proposed Conservation Plan, proposed alternatives to the Conservation 

Plan, and potentially significant environmental issues that have been identified to date.  
16 Individuals had an opportunity to make formal statements following each presentation.  
17 A court reporter recorded verbal comments at each of the three public meetings.  Written 
18 comments could be submitted at these meetings or sent to Glen Gould, U.S. Bureau of 
19 Reclamation, P.O. Box 61470, LC-2450, Boulder City, Nevada, 89006-1470; or faxed to 

Glen Gould at (702) 293-8023; or emailed to mscpnoi@lc.usbr.gov.  The deadline for 
21 submission of written comments was November 26, 2003.  Both public and agency 
22 statements will be reviewed for the purposes of the EIS/EIR. 

23 C.3.1 Program Description and Purpose 
24 The LCR MSCP consists of a partnership of state, Federal, tribal, and other public and 

private stakeholders with an interest in managing the water and related resources of the 
26 LCR Basin.  These partners have agreed to develop, implement, and fund the LCR 
27 MSCP, which will use an ecosystem-based approach for compliance with applicable 
28 endangered species and environmental laws and to implement conservation and 
29 protection measures for included species and habitats. 

The proposed actions include two primary components:  (1) issuance of a section 
31 10(a)(1)(B) permit for the proposed Habitat Conservation Plan by the Service, and 
32 (2) implementation of a Conservation Plan that would (a) conserve habitat and work 
33 toward the recovery of threatened and endangered species, as well as reduce the 
34 likelihood of additional species listings under the ESA; (b) accommodate current water 

diversions and power production and optimize opportunities for future water and power 
36 development, to the extent consistent with the law; and (c) provide the basis for “take” 
37 authorization (legal compliance) pursuant to the ESA.  The LCR MSCP would be in 
38 effect for a period of 50 years.  The planning area for the LCR MSCP is the historic 
39 floodplain from Lake Mead to the SIB between the United States and Mexico (near San 

Luis, Arizona) and areas with elevations up to and including the full pool elevations of 
41 Lake Mead, Lake Mohave, and Lake Havasu. 
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LCR MSCP Scoping Summary Reports 

1 Several environmental documents have been prepared to fulfill the requirements of 
2 NEPA, ESA, CEQA, and other applicable Federal and state environmental laws.  In 
3 addition to the EIS/EIR, the Federal partners have developed a BA and the state partners 
4 an HCP.  The EIS will be the basis for Reclamation’s Record of Decision on 

implementing its portion of the LCR MSCP and the Service’s Record of Decision on 
6 issuing a section 10(a)(1)(B) permit under the ESA for, and subsequent implementation 
7 of, a Conservation Plan. 

8 C.3.2 Summary of Verbal Comments 
9 Summary of public comments offered at the public meeting at Yuma, Arizona on 

November 4, 2003. 

11  Points of clarification on the conservation plan, the implementation of that plan, and 
12 environmental compliance were made in response to questions. 

13  Will the river level change between Imperial and Yuma? 

14  The Gila River is listed as one of the potential sites in Alternative 4, the off-site plan.  
The current planning in Wellton-Mohawk should be addressed in the EIS (i.e., 

16 attempting to have lands under Federal management transferred to Wellton-Mohawk, 
17 proposed Corp of Engineers Gila River channel transfers). 

18  Mitigation achievement criteria and accounting needs to be expanded and clarified. 

19 Summary of public comments offered at the public meeting at Blythe, California on 
November 5, 2003. 

21  Points of clarification on the purpose of the LCR MSCP, the conservation plan, and 
22 the implementation of that plan were made in response to questions. 

23  The program needs to be based on real science, not “voodoo” science. 

24  The most destructive impacts to desert tortoise are have been identified as caused by 
ravens, while less than three percent of the impacts are caused by humans.  The 

26 predator species issue should be looked at, as opposed to any human-caused impacts 
27 to the desert tortoise. 

28  Concerns that water recreation will be restricted. 

29  Concerns that desert recreation will be restricted. 

 What will the drop in river elevation be from Parker and south of Parker? 

31  Will private property owners have the option to choose not to participate in the 
32 program? 

33  Will the program limit access to land-locked private property parcels? 

34  Is $25 million enough to maintain habitat for 50 years? 

Summary of public comments offered at the public meeting at Laughlin, Nevada on 
36 November 6, 2003. 
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LCR MSCP Scoping Summary Reports 

1  Points of clarification on the purpose of the LCR MSCP, the conservation plan, the 
2 implementation of that plan, and the conservation opportunity areas, were made in 
3 response to questions. 

4  Will the conservation opportunity areas conflict with plans for the new bridge to 
5 Bullhead City? 

6  Concerns about recompensation for monies directed to Fort Mohave Development 
7 Funds for Laughlin and Clark County as a result of conservation measures. 

8  Concerns about losing private lands available for potential future development 
9 around Laughlin. 

10  Concerns about using biosolids on conservation areas. 

11 Summary of written comments received between November 2003 and February 2004. 

12  Irrigation & Electrical Districts Association of Arizona, Phoenix, Arizona 

13  Provide a detailed explanation of how water will be provided for the program and 
14 how that affects Arizona’s water rights. 

15  Describe the funding mechanism and the economic and social impacts of that 
16 mechanism. 

17  Examine the best path to take if the USFWS is not in a position to offer “No 
18 Surprises” or “Safe Harbor” provisions in a section 10(a)(1)(B) permit. 

19  Palo Verde College, Blythe, California 

20  Concerns about rivers levels dropping as a result of the proposed water transfers 
21 and the impact on tourism and navigability. 

22  Apprehension about the potential impacts to low economic status residents in the 
23 Blythe area resulting from water transfers and fallowing of agricultural lands. 

24  Suggestions on how to conduct the economic analysis in the EIS/EIR. 

25  City of Blythe, Blythe, California 

26  Concern that the $25 million dedicated to maintenance of existing habitat is 
27 insufficient. 

28  Suggests integrating bikeways into the Conservation Plan. 

29  City of Needles, Needles, California 

30  Concern about the potential impacts of proposed conservation areas to 
31 redevelopment and economic development ideas within the city limits of 
32 Needles. 
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1 Appendix D 
2 Non-Covered Sensitive Species Potentially 
3 Present in the Planning Area and Off-Site 
4 Conservation Areas 

5 D.1 Non-Covered Sensitive Species That Could Be 
6 Present in the Planning Area 

7 D.1.1 Species Status  
8 Sensitive species that are not covered by the Lower Colorado River Multi-Species 
9 Conservation Program (LCR MSCP) Conservation Plan (Conservation Plan) but are 

10 present or could be present in the planning area are listed in Table D-1, which is followed 
11 by descriptions of these species or groups of species.  The Conservation Plan’s  covered 
12 and evaluation species are described in Appendix I. 

13 Table D-1.  Status of Non-Covered Sensitive Species That Could Be Present in the Planning Area 

Common Name Federal Arizona  California Nevada 
Scientific Name  Status1  Status2  Status3  Status4  

Mammals     

Mexican long-tongued bat  – – CSC – 
Choeronycteris mexicana  

Occult little brown  bat  – – CSC – 
Myotis lucifugus occultus  

Small-footed myotis  – –  – 
Myotis ciliolabrum  

Fringed myotis   – –  – 
Myotis thysanodes  

Cave myotis  – – CSC – 
Myotis velifer  

Yuma myotis   – – CSC – 
Myotis yumanensis  
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Non-Covered Sensitive Species Potentially Present in 
the Planning Area and Off-Site Conservation Areas 

Common Name Federal Arizona  California Nevada 
Scientific Name  Status1  Status2  Status3  Status4  

Spotted bat  – ASC CSC NT 
(Euderma maculatum)  

Allen’s big-eared bat   – –  – 
Indionycteris (Plecotus) phyllotis  

Pallid bat  – – CSC – 
Antrozous pallidus  

Pocketed freetail bat  – – CSC – 
Nyctinomops femorosaccus  

Big freetail bat  – – CSC – 
Nyctinomops macrotis  

Greater western mastiff bat  – – CSC – 
Eumops perotis californicus  

Yuma puma – ASC CSC –  
Felis concolor browni  

Birds     

Clark’s grebe – ASC  – – 
Aechmophorus clarkii  

California brown pelican  FE – CE/FP NP 
Pelecanus occidentalis  

American white pelican – – CSC  NP 
Pelecanus erythrorhynchos  

Double-crested cormorant – – CSC5 – 
Phalacrocorax auritus  

American bittern  – ASC  – – 
Botaurus lentiginosus  

Great blue  heron – – – – 
Ardea herodias  

Great egret – ASC  – – 
Ardea alba  

Snowy egret – ASC  – – 
Egretta thula  

Black-crowned night-heron – – – – 
Nycticorax nycticorax  

White-faced ibis – – CSC5 NP 
Plegadis chihi  

Wood stork – – CSC – 
Mycteria americana  

Turkey vulture – – – NP 
Cathartes aura  

Fulvous whistling-duck  – – CSC – 
Dendrocygna bicolor  
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  Non-Covered Sensitive Species Potentially Present in 
the Planning Area and Off-Site Conservation Areas 

 

Common Name Federal Arizona  California Nevada 
Scientific Name  Status1  Status2  Status3  Status4  

Redhead  – – CSC –
Aythya americana  

Osprey  – ASC  – NP
Pandion haliaetus  

Bald eagle FT ASC CE/FP NE
Haliaeetus leucocephalus  

White-tailed kite – – CSC  NP
Elanus leucurus  

Northern harrier – – CSC  NP
Circus cyaneus  

Cooper’s hawk – – CSC5 NP
Accipiter cooperi  

Harris’ hawk  – – CSC  NP
Laterallus jamaicensis coturniculus  

Swainson’s hawk  – – CT  NP
Buteo swainsoni  

Ferruginous hawk – ASC CSC5 NP
Buteo regalis  

Golden eagle  – – FP NP
Aquila chrysaetos  

American kestrel  – – – NP
Falco sparverius  

Merlin   – – CSC5 NP
Falco columbarius  

Peregrine falcon  – ASC CE/FP NE
Falco peregrinus  

Prairie falcon – – CSC  NP
Falco mexicanus  

California black rail  – ASC CT/FP –
Laterallus jamaicensis coturniculus  

Greater sandhill crane – – CT/FP –
Grus canadenis tabida  

Western snowy plover (interior population) FT ASC CSC –
Charadrius alexandrinus nivosus  

Mountain plover  – – CSC –
Charadrius montanus  

Long-billed curlew – – CSC5 –
Numenius americanus  

California gull – – CSC5 –
Larus californicus  
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  Non-Covered Sensitive Species Potentially Present in 
the Planning Area and Off-Site Conservation Areas 
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Common Name Federal Arizona  California Nevada 
Scientific Name  Status1  Status2  Status3  Status4  

Black tern – – CSC – 
Chlidonias niger  

Greater roadrunner – – – NP 
Geococcyx californianus  

Long-eared owl – – CSC  NP 
Asio otus  

Short-eared owl  – – CSC  NP 
Asio flammeus  

Burrowing owl – – CSC  NP 
Athene cunicularia  

Lesser nighthawk – – – NP 
Chordeiles acutipennis  

Vaux’s swift – – CSC – 
Chaetura vauxi  

Belted kingfisher – ASC  – NP 
Ceryle alcyon  

Olive-sided flycatcher – – CSC – 
Contopus cooperi  

Ash-throated flycatcher – – – – 
Myiarchis cinerascens  

Brown-crested flycatcher – – CSC5 – 
Myiarchis tyrannulus  

Purple martin  – – CSC – 
Progne subis  

Bank swallow – – CT – 
Riparia riparia  

Swainson’s thrush – – CSC – 
Catharus ustulatus  

Greater roadrunner – – – NP 
Geococcyx californianus  

Bendire’s thrasher – – CSC – 
Toxostoma bendirei  

Crissal thrasher – – CSC – 
Toxostoma crissale  

Loggerhead shrike – – CSC – 
Lanius ludovicianus  

Lucy’s warbler  – – CSC – 
Vermivora luciae  

Yellow-breasted chat – – CSC – 
Icteria virens  

http:00450.00


Non-Covered Sensitive Species Potentially Present in 
the Planning Area and Off-Site Conservation Areas

Common Name Federal Arizona California Nevada 
Scientific Name Status1 Status2 Status3 Status4 

Northern cardinal – – CSC5 –
Cardinalis cardinalis 

Abert’s towhee – – – –
Pipilo aberti 

Large-billed savannah sparrow – – CSC –
Passerculus sandwichensis rostratus 

Sage sparrow – – CSC –
Aimophila belli 

Grasshopper sparrow – – CSC –
Ammodramus savannarum 

Yellow-headed blackbird – – CSC –
Xanthocephalus xanthocephalus 

Lawrence’s goldfinch – – CSC –
Carduelis lawrencei 

Reptiles    

Banded Gila monster – – CSC NP
Heloderma suspectum cinctum 

Desert rosy boa – – CSC5 –
Lichanura trivirgata gracia 

Amphibians    

Arizona toad – – – –
Bufo microscaphus microscaphus 

Couch’s spadefoot toad – – CSC –
Scaphiopus couchii 

Invertebrates    

Maricopa tiger beetle  – – – –
Cicindela oregona maricopa 

Obsolete Viceroy butterfly – – – –
Limenitis archippus obsoleta 

Plants    

Mud nama – – – –
Nama stenocarpum 

1 
2 
3 
4 
5 
6 
7 
8 

 

Notes: 
1 Federal Status 

FE = Listed as endangered under the Federal Endangered Species Act (ESA). 
FT = Listed as threatened under ESA. 
FP = Proposed for listing as threatened under ESA. 
FC = Candidate for listing under ESA. 

2 Arizona Status 
ASC = Arizona wildlife of special concern. 
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Non-Covered Sensitive Species Potentially Present in 
the Planning Area and Off-Site Conservation Areas 

1 3 California Status 
2 CE = Listed as endangered under the California Endangered Species Act (CESA). 
3 CT = Listed as threatened under CESA. 
4 FP = Fully protected under the California Fish and Game Code. 

CSC = California species of special concern. 
6 4 Nevada Status 
7 NE = Nevada endangered 
8 NT = Nevada threatened. 
9 NEP = Nevada critically endangered plant. 

NP = Nevada protected. 
11 
12 

5 Under review by the California Department of Fish and Game for removal from the current list of California 
Species of Special Concern. 

13 
14 

D.1.2 Species Descriptions 
16 The species described in this section are considered sensitive and have special-status, are 
17 known or suspected to have occurred in the planning area, and are not covered under the 
18 Conservation Plan.  Descriptions of individual species are followed by descriptions of 
19 groups of species.  Descriptions of the relative abundance, seasonal occurrence, and 

primary habitats of the sensitive bird species that are not covered by the Conservation 
21 Plan are presented in Table D-2, which is located at the end of this appendix. 

22 D.1.2.1 Mexican Long-Tongued Bat (Choeronycteris 
23 mexicana) 

24 The Mexican long-tongued bat is a Federal and California species of special concern and 
has a high priority conservation ranking with the Western Bat Working group.  There are 

26 no records for this species from California counties along the lower Colorado River 
27 (LCR), however (California Natural Diversity Database 1999).  There are no records of 
28 this species from Arizona west of the Baboquivari Mountains (Arizona Game and Fish 
29 Department 1997g).  There is only one record of this species from Las Vegas, Nevada 

(Constantine 1987).  This is a migratory bat that reaches the northern limits of its normal 
31 distribution just north of the international boundary with Mexico.  Only adult females 
32 migrate into the United States (Arizona Game and Fish Department 1997g).  There is no 
33 evidence of a long-term decline or any clear trend.  Disturbance of roosts is a potential 
34 threat to individuals and local populations, but because this species is not concentrated in 

only a few roosts, it is unlikely that this disturbance would ever be significant enough to 
36 threaten the species. 
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  Non-Covered Sensitive Species Potentially Present in 
the Planning Area and Off-Site Conservation Areas 

 

1 D.1.2.2 Occult Little Brown Bat (Myotis lucifugus 
2 occultus) 

3 The occult little brown bat is a Federal and California species of special concern and has 
4 a medium priority conservation ranking  with the Western Bat Working group.   M. l. 
5 occultus occurs throughout Arizona and into eastern California, western New Mexico, 
6 and central Mexico.  In the planning area, this subspecies has been reported along the 
7 Colorado River lowlands, the adjacent desert mountain ranges, and at the Grand Canyon 
8 (Hall 1981).  In Arizona, the occult little brown bat occurs in a variety  of habitats, 
9 including ponderosa pine forests, oak-pine woodlands (near water), and along the LCR 

10 permanent water in riparian forests in some desert areas (Arizona Game and Fish 
11 Department 1997a).  It is usually closely associated with open water such as rivers, 
12 ponds, or reservoirs, and flies low along shorelines while foraging (Hoffmeister 1986).  
13 This species roosts in hollows in living or dead trees, under rocks or wood, or sometimes 
14 in buildings or mines (New Mexico Department of Game and Fish 1997).  This species is 
15 declining due to pesticide use, destruction of nesting colonies, collecting by researchers, 
16 and human disturbance of hibernating individuals (Williams 1986; Fenton and Barclay  
17 1980). 

18 D.1.2.3 Small-Footed Myotis (Myotis ciliolabrum) 

19 The small-footed myotis is a Federal species of special concern and a Bureau of Land 
20 Management (BLM) sensitive species in Nevada.  It has a medium priority conservation 
21 ranking with the Western Bat Working group.   It ranges from southern Canada south to 
22 central Mexico and from California eastward to west Texas.  The species is known from  
23 northern Arizona and southern Nevada (Hoffmeister 1986); however, no records were 
24 located for the desert areas of southwest Arizona.  The habitat in which this species is 
25 found includes cottonwood-willow riparian woodlands, pinyon-juniper woodlands, 
26 reservoirs, and chaparral.  In Arizona, most specimens have been collected among oaks, 
27 over chaparral, in riparian areas that support junipers and oaks, and in the lower edge of 
28 the oak belt (Hoffmeister 1986).  Roosting has been reported in trees, bridges, and holes 
29 in rock faces (Hoffmeister 1986; Zeiner et al. 1990).  Population trends for this species 
30 are not well understood. 

31 D.1.2.4 Fringed Myotis (Myotis thysanodes) 

32 The fringed myotis is a BLM sensitive species in Nevada and has a medium priority  
33 conservation ranking with the Western Bat Working group.  The fringed myotis is known 
34 from Mohave County, Arizona, and could potentially occur in suitable habitat throughout 
35 the planning  area (Hoffmeister 1986; Zeiner et al. 1990).  This species occurs in a variety  
36 of habitats, ranging from grasslands, scrub, and riparian woodlands to chaparral and pine 
37 forests at higher elevations.  Oak woodland is the probable preferred habitat (Hoffmeister 
38 1986).  As with most bat species, the fringed myotis requires a nearby open water source 
39 for foraging and drinking (Hoffmeister 1986; Zeiner et al. 1990).  It roosts and breeds in 
40 caves, mines, abandoned buildings, and crevices (Zeiner et al. 1990).  This species 
41 separates into maternity colonies and male colonies during spring and summer months, 
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1 although a few males are usually  present in the maternity colonies.  The population status 
2 of this species in Arizona is thought to be  stable (Arizona Game and Fish Department 
3 1997b). 

4 D.1.2.5 Cave Myotis (Myotis velifer) 

5 The cave myotis is a Federal and California species of special concern and a BLM 
6 sensitive species in Nevada.  It has a medium priority conservation ranking with the 
7 Western Bat Working group.  The cave myotis is found in the southwestern half of 
8 Arizona and immediately adjacent areas of California, Nevada, and New Mexico 
9 (Arizona Game and Fish Department 1997c).  There are records of this species along the 

10 California-Arizona border in the lowlands of the Colorado River and in the adjacent 
11 desert mountain ranges (Hall 1981; Williams 1986).  The species has been reported 
12 20 miles north of Yuma near the Colorado River (Arizona Game and Fish Department 
13 1997c).  The cave myotis typically inhabits creosote bush, brittlebush, cactus scrub, and 
14 riparian habitats.  Dense, linear stands of mesquite, saltcedar, and catclaw acacia (Acacia 
15 greggii) bordering the still water of oxbow ponds are considered optimal foraging areas 
16 (Vaughan 1959; Hoffmeister 1986).  The cave myotis is an opportunistic feeder, but 
17 feeds largely  on small moths (Arizona Game and Fish Department 1997c).  Near the 
18 Riverside Mountains, this species is known to have foraged primarily over the floodplain  
19 of the Colorado River (Vaughan 1959).  Population trends for this species are not well 
20 understood but appear to be declining.  Large colonies, each containing approximately  
21 1,000 individuals, have been observed in the past in the Riverside Mountains of Riverside 
22 and San Bernardino counties; however, more recent examinations in this area suggest a 
23 significant decline in population size (Williams 1986).  Like many other cave-dwelling 
24 bats, declines in populations of this species are probably due to pesticide use, mining, and  
25 loss of riparian habitats, as well as disturbances to roost sites by humans exploring caves 
26 or mines, or by the filling or plugging of cave and abandoned mine entrances (Williams  
27 1986).  The species is particularly  vulnerable at  maternity roosts, where they congregate 
28 in large numbers (Arizona Game and Fish Department 1997c).  The loss of foraging 
29 habitat is also a probable contributing factor in the decline of cave myotis populations 
30 along the Colorado River (Bolster pers. comm. 1999).  

31 D.1.2.6 Yuma Myotis (Myotis yumanensis) 

32 The Yuma myotis is a California species of special concern and a BLM sensitive species 
33 in Nevada.  It has a low priority conservation ranking  with the Western Bat Working 
34 group.  The range of the Yuma myotis extends across western North America from  
35 British Columbia to central Mexico, and from the West Coast to as far east as Idaho and 
36 west Texas.  This species occurs throughout the planning area (Hall 1981).  It is thought 
37 to migrate seasonally throughout much of its range.  The Yuma myotis prefers cliffs and 
38 rocky walls near desert scrub, pinyon-juniper woodlands, and other open woodlands and 
39 forests.  Like many bat species, it is closely tied to an open water source for foraging and 
40 drinking (Zeiner et al. 1990), and tends to be found near permanent watercourses such as 
41 the Colorado and Little Colorado rivers (Arizona Game and Fish Department 1997d).  
42 Small moths are the preferred food item of this species and are caught while foraging low 
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1 over water (Arizona Game and Fish Department 1997d).  The Yuma myotis roosts in 
2 narrow crevices in rock, bridges, buildings, and, occasionally, mines (Hoffmeister 1986).  
3 Preferred roosting habitats, however, are buildings and abandoned  cliff swallows’ mud 
4 nests (Arizona Game and Fish Department 1997d).  The current population status of this 
5 species is unknown outside of Arizona, where it is considered stable (Arizona Game  and 
6 Fish Department 1997d). 

7 D.1.2.7 Spotted Bat (Euderma maculatum) 

8 The spotted bat is a Federal and California and Nevada species of special concern and a 
9 BLM sensitive species in Nevada.  It has a high priority conservation ranking with the 

10 Western Bat Working group.  The spotted bat is reported from scattered locations from  
11 southern British Columbia to Montana, and from coastal California, Texas, and northern 
12 Mexico (Hall 1981).  It is generally considered widespread, but rare.  In the planning 
13 area, it has been reported from the Yuma area and the Grand Canyon (Hoffmeister 1986).  
14 The habitat requirements and preferences of this species are varied and not well 
15 understood.  It is known to  occur in the openings of conifer forests in montane habitats, 
16 riparian woodlands, and desert scrub (Hoffmeister 1986; New Mexico Department of 
17 Game and Fish 1997; Arizona Game and Fish Department 1998).  Roost site localities are 
18 poorly known.  This species is thought to utilize crevices and cracks in cliff faces, often 
19 in the vicinity of open water, for roosting  (Arizona Game and Fish Department 1998).  
20 Moths seem to be the primary food item of this species, although other insects may be 
21 consumed, as well (Arizona Game and Fish Department 1998).  Male spotted bats are 
22 often observed foraging near the Colorado River in and near the Grand Canyon; however, 
23 females are usually  observed at higher elevations (Herder pers. comm. 1998).  
24 Reproductive behavior is relatively unknown.  The population status of the spotted bat is 
25 not well known because of the low number of sightings reported.  The species appears to 
26 be linked to riparian habitats in many areas, which are generally declining throughout the 
27 species’ range. 

28 D.1.2.8 Allen’s Big-Eared Bat (Indionycteris 
29 [Plecotus] phyllotis) 

30 The Allen’s big-eared bat is a BLM sensitive species in Nevada.  Allen’s big-eared bats 
31 range from the Colorado River Valley of Arizona to New Mexico and central Mexico.  
32 Within the planning area, this species is likely to occur at the higher elevations along the 
33 Mogollon Rim  and adjacent mountain ranges.  This species is not known to inhabit the 
34 southwestern deserts of Arizona (Arizona Game and Fish Department 1997e).  The 
35 species often forages near open water sources where insects are abundant.  The diet of the 
36 Allen’s big-eared bat consists primarily  of small moths.  The occurrence of these bats 
37 along streams or water sources dominated by mesquite, whitethorn (Acacia constricta), 
38 or agave (Agave spp.) may represent only the utilization of drinking water rather than 
39 preferred habitat (Hoffmeister 1986).  The population status of Allen’s big-eared bats is 
40 not clearly  known (Arizona Game and Fish Department 1997e).  Hoffmeister (1986) 
41 suggests that the species may have only  recently expanded into the Arizona deserts, based 
42 on a lack of records prior to 1955.  However,  many bat species are declining as a result of 
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1 the loss of roosting and foraging habitat to urban expansion, agricultural development, 
2 and other factors.  The availability of accessible surface water, suitable maternity  roost 
3 sites, and food resources are limiting factors that could potentially threaten the overall 
4 health of populations of this and other bat species.  Maternity colonies of this species are 
5 easily disturbed, often resulting in abandonment (Arizona Game and Fish Department 
6 1997e). 

7 D.1.2.9  Pallid Bat (Antrozous pallidus) 

8 The pallid bat is a California species of special concern and a BLM sensitive species in 
9 Nevada.  It has a high priority conservation ranking with the Western Bat Working group.  

10 It is considered a permanent resident throughout most of its range (Barbour and Davis 
11 1969).  It is probably  present throughout the LCR Valley, but has only been recorded at a 
12 few locations (Hoffmeister 1986).  Pallid bats are primarily inhabitants of desert scrub, 
13 but have been found in grassland, deciduous woodland-evergreens, and evergreen forest 
14 (Hoffmeister 1986).  They  are gregarious, roosting in  small colonies of from a dozen to 
15 around a hundred individuals (Barbour and Davis 1969).  Day roosts include rock 
16 crevices, hollow trees, buildings, mines, bridges, and culverts.  Pallid bats have been 
17 know to leave roosts as a result of disturbance by human activities (Hoffmeister 1986; 
18 Miller 1997),  but there is no evidence that the species is threatened by this.  Human 
19 activities may have benefited the species by  providing roost sites and water where none 
20 naturally occurred. 

21 D.1.2.10 Pocketed Freetail Bat (Nyctinomops 
22 femorosaccus) 

23 The pocketed-freetail bat is a California species of special concern.  It has a medium  
24 priority conservation ranking with the Western Bat Working group.  This species is 
25 known from southern California east to New Mexico and Texas, and south to at least 
26 Michoacan, Mexico.  Known distribution within this range is very spotty.  It is not known 
27 from  Nevada (Nevada Natural Heritage Program 1999).  There are no records from the 
28 LCR valley (Hoffmeister 1986; California Natural Diversity Database 1999).  Known 
29 roosts include buildings, caves, and crevices in rocky cliffs in semi-arid desert lands 
30 (Noel and Johnson 1993).  Colonies are small, consisting of less than 100 individuals 
31 (Barbour and Davis 1969; Noel and Johnson 1993).  Food species include moths, 
32 crickets, flying ants, stinkbugs, froghoppers and leafhoppers, lacewings, and unidentified 
33 insects (Schmidly 1991).  There is no reported evidence of a population decline. 

34 D.1.2.11 Big Freetail Bat (Nyctinomops macrotis) 

35 The big freetail bat is a California species of special concern.  It has a medium priority  
36 conservation ranking with the Western Bat Working group.  The big freetail bat is found 
37 from northern South America and the Caribbean Islands northward through Mexico into 
38 the western U.S. reaching Iowa and British Columbia, Canada (Noel and Johnson 1993).  
39 Within this broad range, distribution and season of occurrence appears to be very  spotty  
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1 and not well understood.   There are no known records from the LCR Valley (Hoffmeister 
2 1986; California Natural Diversity Database 1999; Nevada Natural Heritage Program  
3 1999).  In Arizona, this species has been captured in a variety  of habitats from desert 
4 scrub to ponderosa pine.  They appear to roost in rugged, rocky areas of desert scrub, in 
5 rock crevices and fissures in cliffs (Hoffmeister 1986; Noel and Johnson 1993).  They  
6 have also been known to roost in buildings (Schmidly 1991).  Food includes a wide 
7 variety  of flying insects.  There are no records of this species from  the planning area.  
8 There is no available information on population status of this species.  This is a rarely  
9 observed, poorly known species. 

10 D.1.2.12 Greater Western Mastiff Bat (Eumops perotis 
11 californicus) 

12 The greater western mastiff bat is a Federal, California, and Arizona species of special 
13 concern and a BLM sensitive species in Nevada.  It has a high priority conservation 
14 ranking with the Western Bat Working group.  This species ranges from San Francisco 
15 Bay east to Arizona and Texas, then south to northwestern and central Mexico (Arizona 
16 Game and Fish Department 1997f).  In the planning area, it occurs in Arizona, California, 
17 and Nevada.  The distribution of this species in Arizona, where it is considered a year-
18 round resident, includes the Grand Canyon region, western Arizona, and south of the 
19 Mogollon Rim (Arizona Game  and Fish Department 1996a).  Mastiff bats favor rugged, 
20 rocky areas in Sonoran desert scrub habitats, where suitable crevices are available for 
21 day-roosts (Arizona Game and Fish Department 1996a).  They require long or 
22 unobstructed waterways for drinking, and feed on moths, bees, wasps, and flying ants 
23 that get caught in thermal currents (Arizona Game and Fish Department 1996a).  
24 Although the population status of the greater western mastiff bat is not well known, 
25 populations in Arizona may be declining and some roost sites are no longer occupied 
26 (Arizona Game and Fish Department 1996a, 1997f).  Populations in California are 
27 believed to have undergone significant declines in recent years, primarily due to  
28 extensive loss of habitat and the widespread use of insecticides (Williams 1986).  In other 
29 areas, greater western mastiff bat populations appear to be fairly stable (New Mexico 
30 Department of Game and Fish 1997). 

31 D.1.2.13 Yuma Puma (Felis concolor browni) 

32 The Yuma puma is a Federal and California species of special concern.  The historic 
33 range of the Yuma puma  purportedly includes western Arizona south of Lake Mead and 
34 as far east as Gila Bend; southeastern California, south of Interstate 15 (I-15) and west of 
35 Calexico; southeastern Nevada, south of Las Vegas; and south into northern Baja 
36 California, Mexico (Hall 1981; Harvey  and Stanley  Associates 1987).  Most observations 
37 between 1984 and 1986 were made in the triangle area between Cibola and Imperial 
38 National Wildlife Refuges (NWRs) and Picacho SRA.  Additional records for this time  
39 period show the species occurred along the Colorado River in a 50-mile stretch between 
40 Parker Dam  and the Havasu NWR (Harvey and Stanley Associates 1987).  Pumas 
41 typically occur in remote, hilly,  or mountainous areas.  They require open water sources, 
42 such as streams or rock pools, large foraging areas, and rocky shelters or caves for 
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1 denning.  The Yuma puma  is active year round and may travel up to  25 miles per night in  
2 search of food.  Prey include mule deer (up to 60–80% of its diet), bighorn sheep, wild 
3 burros, skunk, badger, raccoon, javelina, cattle, and rabbits (Harvey and Stanley  
4 Associates 1987).  Historically, Yuma pumas were most closely associated with dense 
5 bottomland vegetation along the Colorado River (Grinnell 1933).  Although this species 
6 is known to hunt alternative prey species successfully, the population level and 
7 distribution of deer along the LCR probably influence the population level and 
8 movements of the Yuma puma in the planning area. 

9 D.1.2.14 Harris’ Hawk (Parabuteo unicinctus) 

10 This raptor was a former resident of the planning area but was extirpated from the region 
11 during the 1960s.  Population expansion in northern Baja California, however, has 
12 brought individuals once again into southern California and the planning area in recent 
13 years, including one individual currently persisting near Blythe.  Harris’ hawks are most 
14 often associated with large stands of open mesquite, but will also willow groves, usually 
15 near backwaters and marshes along the LCR.  (Rosenberg et al. 1991.) 

16 D.1.2.15 Burrowing Owl (Athene cunicularia) 

17 The burrowing owl is a California species of special concern that inhabits open areas 
18 wherever soil is suitable for excavating nesting burrows (Haug et al. 1993).  The species 
19 may use the burrows of other animals, such as California ground squirrel, prairie dog, and 
20 badger.  Common prey includes rodents, frogs, small birds, invertebrates, and carrion 
21 (Zarn 1974; Johnsgard 1988).  Burrowing owls breed throughout the LCR Valley 
22 (Rosenberg et al. 1991) with nesting density ranging from one to eight pairs per  
23 0.6 square mile (Johnsgard 1988). 

24 D.1.2.16 Long-eared Owl (Asio otus) 

25 Long-eared owls are rare visitors that have been documented to breed in the planning 
26 area (Rosenberg et al. 1991).  Because of their secretive and nocturnal behavior they may  
27 be more regular than the paucity of records indicate.  They  often nest in large trees such 
28 as Athel tamarix and cottonwood, especially where there is thick cover, a dense overstory  
29 and proximity to foraging areas such as:   open grasslands, agricultural fields and/or 
30 marshes. 

31 D.1.2.17 Arizona Toad (Bufo microscaphus 
32 microscaphus) 

33 The Arizona toad is a Federal species of concern, but has no state legal status in Arizona, 
34 California, or Nevada.  The toad is known to occur in Apache, Coconino, Gila, Graham, 
35 Greenlee, La Paz, Maricopa, Mohave, Navajo, and Yavapai counties in Arizona, and the 
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1 Arizona Heritage Data Management System records its elevation ranges from 480– 
2 8,400 feet (Arizona Game and Fish Department 2002).  Based on the county  distribution 
3 of the Arizona toad, the species has the potential to occur in the upper reaches of the 
4 planning area.  The Arizona toad inhabits rocky streams, washes, and arroyos; eggs are 
5 laid in strings at the bottom of pools.  Adult Arizona toads are predaceous on insects and 
6 other small invertebrates (Arizona Game and Fish Department 2002). 

7 D.1.2.18 Couch’s Spadefoot Toad (Scaphiopus 
8 couchii) 

9 The Couch’s spadefoot toad is a California Species of Special Concern, but has no 
10 Federal status or status in Arizona or Nevada.  In California, the toad is known to occur 
11 in San Bernardino, Riverside, and Imperial counties.  In Arizona, Couch’s spadefoot toad 
12 has been reported from Cochise County  (New Mexico Department of Game and Fish 
13 2000).  The California Natural Diversity  Database (CNDDB) records an occurrence of 
14 Couch’s spadefoot toad near Palo Verde in an agricultural area within the planning area 
15 (California Natural Diversity Database 2003).  Stebbins (1985) describes habitat as 
16 shortgrass prairie, mesquite savannah, and creosote bush desert.  The toad spends much 
17 of its life dormant in burrows, emerging to breed at the commencing of summer rains.  
18 This species requires rainpools lasting at least seven days to breed and for the resulting 
19 tadpoles to have sufficient time to complete metamorphosis.  Couch’s spadefoot toad is 
20 insectivorous, with its primary prey items being winged termites (Jennings and Hayes 
21 1994). 

22 D.1.2.19  Banded Gila Monster (Heloderma suspectum 
23 cinctum) 

24 The banded Gila monster is a Federal Species of Concern, a Species of Special Concern 
25 in California, and is protected under Nevada Revised Statute 501 in Nevada.  It has no 
26 legal status in Arizona.  The species is known to occur in La Paz, Mohave, Yavapai, and 
27 Yuma counties in Arizona (Arizona Game and Fish Department 2003); San Bernardino 
28 County in California (Jennings and Hayes 1994); and in Clark, Lincoln, and Nye counties 
29 in Nevada (Nevada Natural Heritage Program 2002).  The banded Gila monster occurs in 
30 several desert plant associations, but can also occur in mesquite grassland, creosote bush, 
31 and single-leaf pinyon-western juniper vegetation types.  Banded Gila monsters have also 
32 been found in willow-, mesquite-, saltcedar-, and mulefat-dominated canyons in 
33 California, but have not been found from similar areas or agricultural lands in Arizona.  
34 The range of this species includes the LCR Basin (Jennings and Hayes 1994).  Banded 
35 Gila monsters use animal burrows or natural crevices to take shelter in during the night 
36 and to overwinter.  They are opportunistic feeders and may forage up to a distance of 
37 about 0.6 miles in a single day (Jennings and Hayes 1994). 
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1 D.1.2.20 Desert Rosy Boa (Lichanura trivirgata gracia) 

2 The desert rosy boa is a subspecies of the rosy  boa (Lichanura trivirgata).  The rosy  boa 
3 is a Federal and California Species of Concern.  Most of the life history information 
4 available is for the species level.  The known range of the rosy boa includes the LCR; 
5 however, Stebbins (1985) names several desert rosy  boa populations in the mountains of 
6 west and southwest Arizona.  The subspecies is known to occur in  La Paz, Maricopa, 
7 Mohave, Pima, Yavapai, and Yuma counties in Arizona (Arizona Game and Fish 
8 Department 2003), and elevations of the rosy boa range from sea level to 4,500 feet 
9 (Stebbins 1985).  Rosy boas inhabit rocky shrubland and desert, but are attracted to 

10 intermittent and permanent watercourses (Stebbins 1985).  The desert rosy  boa appears to 
11 have the potential to occur within the planning area. 

12 D.1.2.21 Maricopa Tiger Beetle (Cicindela oregona 
13 maricopa) 

14 The Maricopa tiger beetle is a Federal species of concern (Arizona Game and Fish 
15 Department 2003).  This species has no state status, but is a U.S. Fish and Wildlife 
16 Service (USFWS) and BLM-designated sensitive species.  Collections of this beetle were 
17 made in Mohave County,  but the proximity to the LCR is unclear.  Collection elevations 
18 have ranged between 1,092–6,940 feet (Arizona Game and Fish Department 2001a).  The 
19 Maricopa tiger beetle has the potential to occur within the Lake Mead area of the 
20 planning area.  The Maricopa tiger beetle is often found on sandy stream banks, and less 
21 often found on gravel or clay stream banks or near seeps and reservoirs.  The beetle 
22 larvae require substrate suitable for burrowing as well as retaining moisture to prevent 
23 desiccation.  Tiger beetles are predaceous on other insects (Arizona Game and Fish 
24 Department 2001a). 

25 D.1.2.22 Obsolete Viceroy Butterfly (Limenitis  
26 archippus obsoleta) 

27 The obsolete Viceroy butterfly  has no Federal or Arizona legal status at this time.  It is, 
28 however, a Service designated sensitive species.  Its range in Arizona extends from  
29 Cochise, Graham, and Greenlee counties in the east, to the Colorado River in the west, 
30 and into southeastern Nevada.  Collection elevations are reported below 5,906 feet and 
31 Arizona’s Natural Heritage Program records range from 2,040–4,100 feet (Arizona Game  
32 and Fish Department 2001b).  The butterfly  has the potential to occur in riparian areas 
33 along the LCR, but records for Yuma, La Paz, and Mohave counties are not available 
34 (Arizona Game and Fish Department 2003). 

35 All life stages of the obsolete Viceroy butterfly are associated with the host plant, willow 
36 (Salix).  Eggs are laid on the tips of leaves.  Larvae eat leaves and catkins.  The larva 
37 overwinters in a shelter called a hibernaculum in which the individual rolls a leaf into a 
38 tube-like structure and fixes it in place with silk.  Pupation also occurs on the host.  
39 Adults are often spotted in stands of healthy  willow.  Adults visit flowers but prefer to 
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1 feed on tree sap and dung.  Habitat is riparian areas with abundant willow (Arizona Game  
2 and Fish Department 2001b). 

3 D.1.2.23 Mud Nama (Nama stenocarpum) 

4 Mud nama (Nama stenocarpum) is a low-growing annual species in the waterleaf family  
5 (Hydrophyllaceae).  It has no state or Federal listing status, although it is on the 
6 California Native Plant Society's List 2, for species that are rare, threatened or 
7 endangered in California but more common elsewhere.  Mud nama is known from  
8 scattered occurrences in southwestern California (from Los Angeles to San Diego 
9 County), ranging east to Texas and south into Mexico.  It is known from historic 

10 collections along the Colorado River near Yuma.  It grows in intermittently wet habitats 
11 such as mud flats, lake shores, and river banks. 

12 D.1.2.24 Piscivorous Birds 

13 Piscivores are fish-eating species that include the following special-status species:  brown 
14 (Pelecanus occidentalis) and American white pelicans (Pelecanus erythrorhynchos), 
15 double-crested cormorant (Phalacrocorax auritus), bald eagle (Haliaeetus 
16 leucocephalus) and osprey (Pandion haliaetus).  All of these piscivores forage in open 
17 water for fish, although bald eagles will rob osprey  of their fish catch and will also take 
18 waterfowl, especially those wounded by  hunters.  Pelicans prefer to rest on sandbars, 
19 especially on islands and most often in reservoirs.  Cormorants loaf on these same 
20 sandbars, but also on large snags.  Bald eagles and osprey generally  prefer to perch on 
21 large snags and exposed branches on tall, living trees, but eagles will occasionally perch 
22 on sandbars as well. 

23 There are a few records of single juvenile brown pelicans wandering from their nesting 
24 grounds in Mexico to reservoirs in the planning area, primarily in the late summer and 
25 early fall.  American white pelicans are uncommon migrants from March to May and late 
26 September to October when most are seen flying over the river and reservoirs and only  
27 occasionally  seen resting in marshes and on sandbars in the river.  Double-crested 
28 cormorants breed in the Topock Marsh and the Imperial NWR, and are commonly found 
29 during the migration and winter periods throughout the river and reservoirs in the 
30 planning area.  A few bald eagles winter annually in the planning area and most are 
31 immatures that arrive by mid-October and depart by mid-March.  Most osprey in the 
32 planning area occur during the migration periods, although some remain throughout the 
33 year in the Laguna-Imperial Dam areas and Lake Havasu, and a few remain to winter at 
34 additional locations (Rosenberg et al. 1991). 

35 D.1.2.25 Wading Birds 

36 Waders are long-legged birds that prey upon vertebrates and invertebrates in both shallow 
37 aquatic and agricultural environments.  These include the following special-status 
38 species:  American bittern (Botaurus lentiginosus), great blue heron (Ardea herodias), 
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1 great egret (Ardea alba), snowy egret (Egretta thula), black-crowned night-heron 
2 (Nycticorax nycticorax), white-faced ibis (Plegadis chihi) and wood stork (Mycteria 
3 americana).  The American bittern is mostly restricted to marshes with dense cover and 
4 is uncommon in the planning area where it can be found from  mid-August to early May.  
5 The white-faced ibis is a common migrant from  March to May and late July to October, 
6 and a few remain through the winter.  The wood stork is an increasingly rare post-
7 breeding visitor to the planning area with few records during the past decade.  The 
8 remaining species are common residents that breed locally throughout the planning area 
9 (Rosenberg et al. 1991). 

10 D.1.2.26 Waterfowl 

11 These special-status waterfowl nest in marshes.  The fulvous whistling-duck 
12 (Dendrocygna bicolor) is an increasingly rare post-breeding visitor to the planning area 
13 with few records since 1970.  The redhead (Aythya americana) has not been documented 
14 to breed in the planning area since 1943 and remains an uncommon migrant and winter 
15 visitor from  mid-October to March, with a few found during the remaining months.  
16 Clark’s grebe (Aechmophorus clarkii) is classified as  a waterfowl because of its shared 
17 natural history attributes with ducks.  Within the planning area it is a common resident of 
18 the Lake Havasu area.  When not breeding, the latter two species frequent open water on 
19 reservoirs and in the main river channel, while the whistling-duck prefers backwaters and 
20 marshes (and rice fields in other regions)  with vegetation for cover (Rosenberg  
21 et al. 1991). 

22 D.1.2.27 Wintering and/or Migratory Hawks 

23 These raptors prey upon rodents, snakes and small birds, and forage in agricultural fields 
24 and open riparian land cover types.  The following special-status hawks migrate through 
25 and/or winter in the planning area:  white-tailed kite (Elanus leucurus), northern harrier 
26 (Circus cyaneus), Cooper’s hawk (Accipiter cooperi), Swainson’s hawk (Buteo 
27 swainsoni), ferruginous hawk (Buteo regalis), golden eagle (Aquila chrysaetos), 
28 American kestrel (Falco sparverius), merlin (Falco columbarius), peregrine falcon  
29 (Falco peregrinus), and prairie falcon (Falco mexicanus).  White-tailed kites are 
30 extremely rare in the planning area and may  be increasing in the future due to expanded 
31 populations in southern California and perhaps Mexico.  Northern harriers are common 
32 wintering and transient raptors throughout the planning area, primarily from September 
33 through March.  Small numbers of Swainson’s hawks migrate throughout the planning 
34 area from  mid-August to mid-October and again from late March to mid-May.   Golden 
35 eagles are rare fall and winter visitors to the planning area.  American kestrels are locally  
36 uncommon breeders within the planning  area and their numbers have been greatly 
37 reduced due to the reduction of available suitable cavities for nesting.  This breeding 
38 population is greatly augmented during the winter by  migrants, when the species is found  
39 throughout the planning area in most land cover types, especially agricultural fields.  
40 Merlins are rare migrants and winter visitors.  Peregrine falcons are rare visitors during 
41 migration, winter and late summer, but are likely to increase in the planning area due to 
42 the species’ population recovery and expansion in recent years.  Prairie falcons are 
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1 uncommon migrants and winter visitors throughout the planning area from September to 
2 late March (Rosenberg et al. 1991). 

3 D.1.2.28 Agriculture and Upland Birds 

4 Species closely associated with agricultural and grassland land cover types in the 
5 planning area include the following special-status species:  greater sandhill crane (Grus 
6 canadenis tabida), western snowy  plover (Charadrius alexandrinus nivosus), mountain 
7 plover (Charadrius montanus), long-billed curlew (Numenius americanus), California 
8 gull (Larus californicus), short-eared owl (Asio flammeus), loggerhead shrike (Lanius 
9 ludovicianus), and grasshopper sparrow (Ammodramus savannarum).  Greater sandhill 

10 cranes are common winter visitors to traditional wintering grounds in the planning area 
11 from  early October to early March; including Cibola NWR, near Poston and Bullhead 
12 City.  Western snowy plovers are rare spring migrants and winter visitors and uncommon 
13 fall migrants in flooded agricultural fields in the planning area.  Mountain plovers are 
14 uncommon migrants and winter visitors to a few locations within the planning area 
15 including the agricultural fields along River Road north of Needles, near Parker, Blythe, 
16 and Yuma.  Long-billed curlews are common migrants primarily from March through 
17 April and again from  mid-July to October.  California gulls are uncommon to common 
18 migrants from late July through October and again from  mid-March through April.  They  
19 forage primarily in flooded, plowed fields.  A few remain to winter where they are found 
20 at dams and along the shores of the reservoirs.  Short-eared owls are rare to locally 
21 uncommon winter visitors from  November through March.  Loggerhead shrikes are 
22 common winter visitors throughout the planning area, with fewer remaining in summer 
23 and these primarily breed in upland desert scrub.  Grasshopper sparrows are rare migrants 
24 and wintering visitors throughout the planning area (Rosenberg et al. 1991). 

25 D.1.2.29 Riparian-Dependent Song-Birds (Passerines) 

26 Species closely associated with riparian land cover type in the planning area include 
27 following special-status species:  ash-throated flycatcher (Myiarchis cinerascens), brown-
28 crested flycatcher (Myiarchis tyrannulus), Bendire’s thrasher (Toxostoma bendirei), 
29 crissal thrasher (Toxostoma crissale), Lucy’s warbler (Vermivora luciae), yellow-
30 breasted chat (Icteria virens), Abert’s towhee (Pipilo aberti), and Lawrence’s goldfinch 
31 (Carduelis lawrencei). 

32 Ash-throated flycatchers are widespread, common breeders throughout the riparian and 
33 desert scrub land cover types with a few remaining in desert scrub and open mesquite 
34 woodlands.  They  tend to  occupy and forage in more xeric habitats, such as the mesquite 
35 bosques and the desert washes immediately adjacent to the floodplain, as well as in 
36 saltcedar and cottonwood/willow (Rosenberg et al. 1991; Cardiff and Dittman 2000).   
37 Brown-crested flycatchers are a declining and a rare to locally uncommon species of 
38 mature cottonwood/willow land cover types.  Brown-crested flycatchers require mature 
39 cottonwood, willow and/or mesquite woodland for breeding but will sometimes range 
40 into mixed screwbean mesquite, and Tamarix (Cardiff and Dittman 2000).  Both ash-
41 throated and brown-crested flycatchers are cavity nesters that require woodpeckers to 
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1 excavate cavities and shrubs or trees with large branches to provide nest-cavity  
2 substrates.  Along the LCR, they typically nest in cavities excavated by Gila 
3 woodpeckers and Ladder-backed woodpeckers (Rosenberg et al. 1991). 

4 Bendire’s thrashers are upland desert species that  are rare migrants and wintering visitors 
5 in the planning area, primarily to open riparian scrub and edges of agricultural areas.  
6 Crissal thrashers, on the other hand, are common residents of riparian areas throughout 
7 the planning area.  They are mostly associated with mesquite woodland but occupy nearly  
8 all of the available riparian land cover types.  Lucy’s  warblers nest in highest densities in 
9 mature mesquite woodland but will also range into other riparian land cover types, 

10 including Athel tamarix, saltcedar, and cottonwood/willow, although they avoid 
11 cottonwood/willow types I and II.  They are early migrants that arrive in mid-March but 
12 leave by mid-July.  Yellow-breasted chats are uncommon in cottonwood/willow, and 
13 mature stands of pure or mixed mesquite and saltcedar throughout the planning area from  
14 April to September.  Abert’s towhees are common and widespread residents throughout 
15 the riparian areas in the planning area.  They are mostly associated with mesquite 
16 woodland but occupy nearly all of the available riparian land cover types.  Lawrence’s 
17 goldfinches are irregularly  found in the planning area.  Some years they are common 
18 migrants and winter visitors and have even bred, but other years they are absent  
19 (Rosenberg et al. 1991). 

20 D.1.2.30 Neotropical Migratory Birds that Do Not 
21 Winter or Breed along the LCR 

22 Neotropical migratory  birds migrate each year to wintering grounds in Mexico, Central 
23 and South America, and the Caribbean and the following special-status species are only  
24 found within the planning  area during migration:  Vaux’s swift (Chaetura vauxi), olive-
25 sided flycatcher (Contopus cooperi), purple martin (Progne subis), bank swallow 
26 (Riparia riparia), and Swainson’s thrush (Catharus ustulatus).  Vaux’s swifts are 
27 uncommon to common migrants throughout the planning area from mid-April to mid-
28 May and again from late August to mid-October.  Olive-sided flycatchers are uncommon 
29 migrants throughout the planning area from late April to early June and again from late 
30 August to mid-September.  Purple martins are rare, but annual migrants in the planning 
31 area from  mid-April to mid-May and again from late July to early  October.  Bank 
32 swallows are uncommon migrants throughout the planning area from  mid-April to mid-
33 May and again from  mid-July to early October.  Primarily found in the Yuma region 
34 within the planning area, Swainson’s thrushes are rare to uncommon spring migrants 
35 from May to early June but are nearly non-existent during the fall (Rosenberg  
36 et al. 1991). 

37 D.1.2.31 Sensitive Plant Communities 

38 The CNDDB identifies the following sensitive plant communities in the planning area:  
39 Sonoran Cottonwood-Willow Riparian Forest, Mesquite Woodland, and Alkali Bulrush-
40 Cattail Marsh and Brackish Bulrush-Cattail Marsh. 
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1 D.2 Non-Covered Sensitive Species That Could Be 
2 Present in the Off-Site Conservation Areas 

3 D.2.1 Moapa Dace (Moapa coriacea) 
4 The Moapa dace is a Federal- and Nevada-listed endangered species that inhabits  
5 approximately 6 miles of spring and stream outflows along the Muddy River.  All life 
6 stages inhabit tributaries to the Muddy River, but only  adults use the mainstem of the 
7 river.  This species spawns in thermal pools year around with most spawning occurring in  
8 the spring.  Declines in species abundance are attributed to loss of habitat, introduction of 
9 non-native predator/competitor species, and parasites. 

10 D.2.2 Virgin River Spinedace (Lepidomeda  
11 mollispinis) 
12 The Virgin River spinedace is a Nevada protected species that inhabits the Virgin River 
13 and its tributaries.  This species is primarily associated with pools.  The Virgin River 
14 spinedace spawns from April-June in the  downstream  end of pools over gravels and 
15 sands.  Declines in species abundance are attributed to loss of habitat, reduction in water 
16 quality, and the introduction of non-native predators. 

17 D.2.3 Woundfin (Plagopterus argentisimus) 
18 The woundfin is a Federal- and Nevada-listed endangered species that is known to 
19 historically  have inhabited the LCR, the Virgin River in Nevada and Utah, and the Gila 
20 River in Arizona.  Designated critical habitat extends down to Halfway Wash on the 
21 Virgin River, which is within part of the off-site area.  Currently, it is only known to 
22 occur in the Virgin River downstream  of Pah Tempe Springs and in La Verkin Creek, at 
23 tributary to the Virgin River.  This species tends to inhabit runs and slower waters near 
24 riffles.  The woundfin spawns during spring over cobble and gravel substrates in swift 
25 water.  Declines in species abundance are attributed to loss of habitat and introduction of 
26 non-native predator/competitor species. 

27 D.2.4 Virgin River Chub (Gila seminuda) 
28 Two distinct populations of the Virgin River chub are present in the conservation area, 
29 one in the Virgin River and one in the Muddy River.  The Virgin River population is a 
30 Federal- and Nevada-listed endangered species and the Muddy River population is a 
31 Nevada sensitive species.  The Virgin River chub primarily inhabits deep, slow moving 
32 runs and pools with sufficient instream  cover (e.g., rootwads, boulders).  Declines in 
33 species abundance are attributed to loss of habitat and introduction of non-native 
34 predator/competitor species. 
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1 D.2.5 Aegialian Scarab Beetle (Aegialia knighti) 
2 The Aegialian scarab beetle has no legal status, and is endemic to Clark County,  Nevada, 
3 near the town of Logandale and the Muddy River (Nevada Natural Heritage Program  
4 2000).  The Aegialian scarab beetle’s known range overlaps or is adjacent to the Muddy 
5 River offsite conservation area.  The beetle was originally described in 1997 and is 
6 currently  known only from its type locality.  The beetle has been collected from sand hills 
7 and blowouts and its habitat is described as desert vegetation such as creosote bush, 
8 Mojave yucca, white bursage, Opuntia cactus, and Atriplex species (NatureServe 2003).  
9 Life history and habitat requirements information on this species is scarce to unavailable, 

10 but beetles in the Family Scarabaeidae, Subfamily Aphodiinae eat dung and other  
11 decaying organic materials.  Adults make dung balls, which they roll to a secure place 
12 underground and into which a female lays her eggs.  The eggs hatch and the larvae eat 
13 and develop inside the dung ball (Borror, Tripplehorn, and Johnson  1992). 

14 D.2.6 Las Vegas Bearpoppy (Arctomecon 
15 californica) 
16 The Las Vegas bearpoppy  is a short-lived perennial herb in the poppy family  
17 (Papaveraceae).  It has no Federal listing status but is listed as critically endangered plant 
18 in Nevada.  The Las Vegas bearpoppy ranges from Clark County,  Nevada, into northwest 
19 Arizona and has been introduced in Utah.  The species is known from  around Lake Mead.  
20 It is associated with several desert scrub communities, including creosote bush (Larrea 
21 tridentata), saltbush (Atriplex spp.), and blackbush (Coleogyne ramosissima) scrubs.  It 
22 occurs on open, dry, spongy or powdery, dissected (“badland”) or hummocked soils with 
23 high gypsum content, often with well-developed soil crust, in areas of generally low 
24 relief on all aspects and slopes, with a sparse cover of other gypsum-tolerant species.  It 
25 occurs between 1050 and 3650 feet mean sea level. 

26 D.2.7 Virgin River Thistle (Cirsium virginensis) 
27 Virgin River thistle is a spiny perennial herb in the sunflower family (Asteraceae).  It has 
28 no state or Federal listing status, but it is a Nevada Native Plant Society Watch-list 
29 species, for species potentially  vulnerable to becoming threatened or endangered.  Virgin 
30 River thistle ranges from Clark County,  Nevada, east into Arizona and Utah.  It occurs on 
31 moist, alkaline clay soils of seep and spring areas or gypsum knolls.  The species is 
32 known to inhabit springs and seeps along the Virgin River system  and has been reported 
33 from the Overton Wildlife Management Area located adjacent to the Muddy River. 
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1 Table D-2.  Description of Non-Covered Sensitive Bird Species That Could Be Present in the Planning Area 

Common Name Relative Seasonal 
Scientific Name  Abundance1  Occurrence2  Primary Habitat 

Clark’s grebe Common Year-round Breeds in open marshes, forages/rests in 
Aechmophorus clarkii  open water i n reservoirs 

California brown pelican  Rare Late summer and Forages in open  water in reservoirs, rests on  
Pelecanus occidentalis  fall sandbars 

American white pelican Uncommon Migrant,  a few  Forages in open  water in reservoirs, rests on  
Pelecanus erythrorhynchos  remain in winter sandbars 

Double-crested cormorant Common Year-round  Forages in open  water in reservoirs, rests on  
Phalacrocorax auritus  sandbars and perches in trees, breeds on  

large trees 

American bittern  Uncommon Winter Forages in  dense marshes, generally avoids  
Botaurus lentiginosus  Phragmites-dominated marshes 

Great blue  heron Common Year-round  Forages in marshes and along  river banks 
Ardea herodias  and backwaters, reservoir shorelines, as well 

as in agricultural fields and irrigation d itches 

Great egret Common Year-round  Forages in marshes and along  river banks 
Ardea alba  and backwaters, reservoir shorelines, as well 

as in agricultural fields and irrigation d itches 

Snowy egret Common Year-round  Forages in marshes and along  river banks 
Egretta thula  and backwaters, reservoir shorelines, as well 

as in agricultural fields and irrigation d itches 

Black-crowned night-heron Common Year-round  Forages in marshes and along  river banks 
Nycticorax nycticorax  and backwaters, reservoir shorelines, as well 

as in agricultural fields and irrigation d itches 

White-faced ibis Uncommon Year-round  Forages and breeds in marshes, also forages  
Plegadis chihi  in agricultural fields, especially flood 

irrigated alfalfa 

Wood stork Casual Post-breeding Forages along  river banks and backwaters 
Mycteria Americana  visitor 

Turkey vulture Common  Year-round  Forages throughout, but nests on or  near 
Cathartes aura  ground, primarily on cliff faces, and perhaps 

in cottonwood/willow stands in the LCR 

Fulvous whistling-duck  Casual Post-breeding Forages in marshes, formerly bred in  
Dendrocygna bicolor  visitor extensive marshes in the LCR 

Redhead  Uncommon Winter Forages in marshes and open water in river  
Aythya Americana  channel and in reservoirs, formerly bred in 

extensive marshes in the LCR 

Osprey  Uncommon Migrant,  a few  Forages in  open  water in river channel and in  
Pandion haliaetus  remain in winter reservoirs, roosts in tall trees 

Bald eagle Rare Winter Forages in  open  water in river channel and in  
Haliaeetus leucocephalus  reservoirs, roosts in tall trees 
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Common Name Relative Seasonal 
Scientific Name  Abundance1  Occurrence2 Primary Habitat 

White-tailed kite Casual Winter Forages in agricultural fields, roosts in trees 
Elanus leucurus  and shrubs  

Northern harrier Common Winter Forages in agricultural  fields and open  
Circus cyaneus  riparian areas 

Cooper’s hawk Common Winter, former Forages primarily in riparian  woodlands 
Accipiter cooperi  breeder 

Harris’ hawk  Casual Year-round, Forages primarily in riparian  woodlands and 
Parabuteo unicinctus  former breeder  mesquite scrub 

Swainson’s hawk  Uncommon Migrant  Forages in agricultural fields  and open  
Buteo swainsoni  riparian areas  

Ferruginous hawk Uncommon Winter Forages in agricultural  fields 
Buteo regalis  

Golden eagle  Rare Winter Forages in agricultural fields and open  
Aquila chrysaetos  riparian areas 

American kestrel  Common Year-round  Forages in agricultural fields and riparian  
Falco sparverius  areas, breeds in cavities in large trees 

Merlin   Uncommon Winter Forages in agricultural  fields and open  
Falco columbarius  riparian areas, roosts in trees  and on fences 

Peregrine falcon  Rare Winter, former Forages in agricultural fields  and water areas 
Falco peregrinus  breeder with concentrations  of waterfowl 

Prairie falcon Uncommon Winter Forages in agricultural  fields and open  
Falco mexicanus  riparian areas 

Greater sandhill crane Common Winter Forages in agricultural  fields 
Grus canadenis tabida  

Western snowy plover (interior  Rare Migrant Forages in agricultural fields; also found in  
population) marshes  
Charadrius alexandrinus  
nivosus  

Mountain plover  Uncommon Winter Forages in agricultural  fields 
Charadrius montanus  

Long-billed curlew Common  Migrant Forages in agricultural fields  
Numenius americanus  

California gull Common Migrant,  a few  Forages in agricultural  fields,  roosts in  open 
Larus californicus  remain in winter water and on sandbars 

Black tern Uncommon Migrant  Forages  in open water 
Chlidonias niger  

Greater roadrunner Common Year-round  Forages and breeds in  open scrub 
Geococcyx californianus  

Long-eared owl Rare Year-round  Forages in agricultural fields and open  
Asio otus  riparian, breeds in dense riparian woodland 
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Common Name Relative Seasonal 
Scientific Name  Abundance1  Occurrence2 Primary Habitat 

Short-eared owl  Rare Winter Forages in agricultural fields and open  
Asio flammeus  riparian  

Burrowing owl Uncommon Year-round  Forages in agricultural fields and nests in  
Athene cunicularia  burrows found along earthen berms (e.g.,  

canal embankments) 

Lesser nighthawk Common Summer Forages over  open water, agricultural fields 
Chordeiles acutipennis  and open r iparian  

Vaux’s swift Uncommon  Migrant Forages over open water, agricultural fields  
Chaetura vauxi  and open r iparian  

Belted kingfisher Common Winter Forages in marshes and along  river banks 
Ceryle alcyon  and backwaters, reservoir shorelines, as well 

as in irrigation  ditches 

Olive-sided flycatcher Uncommon  Migrant Forages in mature cottonwood/willow 
Contopus cooperi  woodland, parks, suburban  areas, golf 

courses, and sometimes in mature  honey 
mesquite 

Ash-throated flycatcher Common  Year-round, Forages and breeds in riparian areas and 
Myiarchis cinerascens  Fewer in winter desert scrub 

Brown-crested flycatcher Rare Summer Forages and breeds in mature 
Myiarchis tyrannulus  cottonwood/willow woodland, parks, 

suburban areas, golf courses, and sometimes  
in mature honey mesquite 

Purple martin  Rare Migrant Forages over  open water, agricultural fields 
Progne subis  and open r iparian  

Bank swallow Uncommon  Migrant Forages over open water, agricultural fields  
Riparia riparia  and open r iparian  

Swainson’s thrush Uncommon  Spring Migrant  Forages in cottonwood/willow woodland, 
Catharus ustulatus  parks, suburban areas, go lf courses, and  

sometimes in honey mesquite 

Bendire’s thrasher Rare Winter, a few Forages  in riparian and upland desert scrub 
Toxostoma bendirei  spring records  

Crissal thrasher Common Year-round  Forages and breeds in riparian scrub 
Toxostoma crissale  

Loggerhead shrike Common  Year-round, less Forages in agricultural fields  and open  
Lanius ludovicianus  common breeder riparian areas, breeds in trees  and shrub in 

in valley floor agricultural landscape and in riparian areas 

Lucy’s warbler  Common Summer Forages and breeds in mesquite and  
Vermivora luciae  cottonwood/willow woodland 

Yellow-breasted chat Uncommon Summer Forages and breeds in mesquite and  
Icteria virens  cottonwood/willow woodland 

Northern cardinal  Rare Year-round  Forages and breeds in riparian scrub and 
Cardinalis cardinalis suburban areas  
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Common Name Relative Seasonal 
Scientific Name  Abundance1  Occurrence2 Primary Habitat 

Abert’s towhee Common  Year-round  Forages and breed s in riparian w oodland and  
Pipilo aberti  scrub, also in edges of agricultural fields 

Large-billed savannah sparrow Rare Winter Forages in  open scrub and perhaps in  
Passerculus sandwichensis  agricultural fields 
rostratus  

Sage sparrow Uncommon Winter Forages in inkweed/open mesquite scrub 
Aimophila belli  

Grasshopper sparrow Rare Winter Forages in agricultural fields 
Ammodramus savannarum  

Yellow-headed blackbird Common Year-round  Breeds and forages in marshes, also forages  
Xanthocephalus in agricultural fields  
xanthocephalus  

Lawrence’s goldfinch Varies,  Winter, a few Forages in mesquite, riparian  scrub, and 
Carduelis lawrencei  annually from  breeding records edges of agricultural fields 

absent to 
common 

Notes: 
1  Common  = Found throughout appropriate habitat in  densities equivalent to species population center. 

Uncommon  = Found  only locally in appropriate habitat in  densities lower than in  species population center. 
Rare = Found  rarely and sporadically in appropriate habitat, with low and/or declining  population in 

the LCR Valley. 
2  Winter = mostly September to April; includes fall and spring migration periods (varies according to 

species). 
Migration  = fall period from August to  November; spring  period from March to June (varies according to  

species). 
Summer  = June to August; includes spring and fall migration periods (varies according to species). 

1  
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1 Appendix E 
2 Additional Background Information  
3 on the Bureau of Reclamation’s  
4 Cultural Resource Identification Effort 

5 Most of the regulatory discussion and baseline portions of Section 3.5, “Cultural 
6 Resources,” of the Lower Colorado River Multi-Species Conservation Program 
7 Environmental Impact Statement/Environmental Impact Report (LCR MSCP EIS/EIR), 
8 were excerpted and summarized from a longer preliminary text prepared by Reclamation.  
9 Portions of the longer text that have additional background information are provided 

10 below.  For the sake of continuity, the following includes some sentences and paragraphs 
11 that are duplicated in Section 3.5.  However, full sections and long passages that have 
12 been excerpted and included in Section 3.5 have been deleted from the following text. 

13 E.1 The Identification Effort 
14 The LCR MSCP is taking a programmatic approach to species and habitat protection and 
15 conservation.  Measures outlined in the conservation plan may or may not be 
16 implemented by LCR MSCP participants over the next 50 years.  Where these 
17 conservation measures may be implemented, and the specific details of each 
18 project/activity that might be undertaken by LCR MSCP participants, are not known.  
19 Given the programmatic character of the LCR MSCP, and the fact the LCR MSCP 
20 participants will be required to comply with environmental and historic preservation laws 
21 and regulations in effect at the time specific projects are planned and implemented, 
22 Reclamation determined the appropriate level of the identification effort for the LCR 
23 MSCP at this time is a Class I inventory. 

24 In 2000, Reclamation contracted with Archaeological Consulting Services (ACS), Inc., to 
25 conduct a records search to identify known historic properties within the LCR MSCP 
26 Area of Potential Effects (APE), as defined by the conservation opportunity areas, and to 
27 prepare a Class I inventory report detailing the findings.  The Class I inventory report is 
28 still in draft form, so is unavailable for public distribution at this time.  When available 
29 the Class I inventory report will be submitted to the Arizona, California, and Nevada 
30 State Historic Preservation Officers (SHPOs), tribes, and other interested parties for their 
31 information and comment. 

32 Site and project information was obtained by ACS from the following agencies and 
33 repositories:  Reclamation’s Lower Colorado Regional Office in Boulder City, Nevada; 

Lower Colorado River December 2004 
Multi-Species Conservation Program E-1 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  Additional Background Information on the Bureau of  
Reclamation’s Cultural Resource Identification Effort 

 

1 the National Park Service’s (NPS) Western Archaeological Conservation Center 
2 (WACC); Harry Reid Center (HRC) at the University of Nevada Las Vegas; Arizona 
3 State Museum (ASM); the Arizona SHPO; and the Eastern Information Center, the San 
4 Bernardino Archaeological Information Center, and the Southeast Information Center in 
5 Riverside, Redlands, and Ocotillo, California, respectively.  ACS also contacted the 
6 Bureau of Land Management (BLM) offices in Arizona and California responsible for 
7 management of lands within the LCR MSCP APE, the NPS Lake Mead National 
8 Recreation Area office in Boulder City, Nevada, and the Service’s Southwestern 
9 Regional Office in Albuquerque, New Mexico, to determine if they held information 

10 concerning projects and sites that may not yet have been entered into state repository  
11 files.  As a part of the records search, ACS was also directed to examine Government 
12 Land Office (GLO) township survey plats on file at BLM state offices in Arizona, 
13 California, and Nevada. 

14 All project and GLO resource data received from the above cited sources were entered 
15 into Access databases developed specifically for this project.  Site data was entered into a 
16 version of Reclamation’s regional site database.  All project, GLO resource, and site 
17 spatial data were digitized and linked to the Access databases to allow the information to 
18 be manipulated and displayed using geographic information systems (GIS) 
19 ArcView/ArcInfo software. 

20 E.2 Previously Recorded Sites within and Adjacent 
21 to the LCR MSCP APE:  General Observations 
22 As noted above, the Class I inventory report is currently in draft form, and thus is 
23 unavailable for distribution at this time.  Although project and site data are still in the 
24 process of being evaluated, preliminary examination of these data has brought to light 
25 various problems that will need to be taken into consideration as the analyses proceed, as 
26 well as some general trends with respect to the locations of sites within and adjacent to 
27 the LCR MSCP APE.  These are presented here and form the basis for the effects 
28 analyses presented in Section 3.5 of the LCR MSCP EIS/EIR. 

29 A majority of the site data received from the various repositories contacted during the 
30 records search is best considered “legacy data.”  Legacy data is here defined as 
31 information collected by professionals and amateurs that, in general, do not meet current 
32 Federal, state, or professional standards for site recording.  Early site forms (if the 
33 information is on a form at all) tend to lack detailed descriptions of the site setting, the 
34 kinds of features and artifacts present and their relationships to each other, the probable 
35 period of occupation of the site, sketch maps, photographs, etc.  Following the 
36 establishment of state historic preservation offices in the 1970s, use of standardized site 
37 recording forms became more common, although site descriptive information still tends 
38 to be sketchy  and there generally is no assessment of a site’s potential for listing on the 
39 National Register of Historic Places (NRHP).  Following passage of the 1982 
40 amendments to the National Historic Preservation Act (NHPA), use of standardized site 
41 recording forms became the norm.  More detailed descriptive information is required, and 
42 forms often contain a section for the recorder’s recommendation with respect to the 
43 eligibility  of the resource for potential listing on the NRHP.  However, justifications as to 
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1 why  the resource may or may not be eligible for listing are often lacking.  Although the 
2 NPS issued guidance in the 1970s recommending sites be evaluated for potential listing 
3 on the NRHP within the framework of an historic context, evaluating eligibility  with 
4 reference to all the NRHP criteria and providing eligibility justifications citing historic 
5 themes, specific research questions and data requirements in the body of reports and on 
6 site forms did not become common practice until the mid-1990s.  As a result, the NRHP 
7 eligibility status of many of the sites in the LCR MSCP database is not known.  Even in 
8 those cases where the recorder included an eligibility  recommendation on the site form or 
9 in the body  of the report, there is no indication in repository records whether or not the 

10 federal agency, and subsequently the SHPO or the Keeper of the Register, concurred with 
11 the recommendation.  As a result, there is no way to state with any certainty  how many  
12 sites located within or in proximity to the LCR MSCP APE have been found eligible or 
13 potentially eligible for listing on the NRHP. 

14 The criteria used to define what is and what is not a site have changed through time.  In 
15 the early days of section 106 compliance surveys, scatters of 2–3 artifacts were often 
16 recorded as sites and assigned permanent state site numbers.  Today, such scatters would 
17 be considered isolated occurrences and would not be entered into repository records with 
18 permanent site numbers.  To determine how many sites listed in the LCR MSCP database 
19 might actually be isolated artifacts or isolated occurrences would be prohibitively time 
20 consuming; thus, for the purpose of this analysis it is assumed all resources listed in the 
21 database represent sites, with the following exception which is easily recognized in the 
22 records.  Apparently at some point in the past, staff at the Southeast Information Center 
23 obtained copies of GLO surveyors’ notes used to construct GLO township plats for lands 
24 in Imperial County.  Using these notes, repository staff seem to have plotted a point on 
25 more recent U.S. Geological Survey (USGS) 7.5’ quadrangles where GLO surveyors 
26 indicated a cultural feature such as a road, trail, ditch, etc., intersected a township grid 
27 line.  A permanent site number was then assigned to the point and a site form was filled 
28 out (typically these resources are cursorily described with a single phrase presumably  
29 from the surveyor’s notes stating something like:  “cross trail bearing north and south”).  
30 There is nothing in the site records for these resources to suggest any field reconnaissance 
31 has ever been performed to confirm the presence of physical remains of cultural features 
32 at the plotted locations.  As a result, these “sites,” like the GLO resources discussed 
33 above, are best viewed as being suggestive of the kinds of historic features that might be 
34 present within the LCR MSCP APE. 

35 A total of 822 previously recorded sites appear in the LCR MSCP site database 
36 (Table 3.5-2 in Section 3.5 of the LCR MSCP EIS/EIR).  If sites for which no data are 
37 available and Imperial County GLO point plot data are eliminated, the total number of 
38 sites falls to 755.  The actual number of sites present is even somewhat lower than this.  
39 Many  of the sites in the Lake Mojave and Lake Mojave 0.25 Mile Buffer conservation 
40 opportunity areas were recorded by Baldwin (1943, 1948) prior to  construction of Davis 
41 Dam.  Field observations made by Reclamation and NPS cultural program  staff to several 
42 sites recorded by Baldwin indicate he assigned separate site status to individual features 
43 within larger sites.  If one treats Baldwin’s site clusters as single sites, rather than several 
44 individual sites as they appear in the record, the number of sites in the Lake Mojave 
45 0.25 Mile Buffer conservation opportunity area is reduced from 128 to 47, thus 
46 decreasing the total number of sites in the LCR MSCP APE as a whole to 674. 
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Appendix F 
EIS Disclosure Statement Concerning the 

Preparation of an EIS/EIR for the  
Lower Colorado River Multi-Species  

Habitat Conservation Plan 



 



EIS DISCLOSURE STATEMENT CONCERNING THE PREPARATION OF AN 
EIS/EIR FOR THE LOWER COLORADO RIVER MULTI-SPECIES HABITAT 

CONSERVATION PLAN 

I, Diane Keep, of Science Applications International Corporation, have made inquiry and 
to the best of my knowledge and belief declare that executing the contracted work of 
preparing the EIS/EIR for the Lower Colorado River Multi-Species Habitat Conservation 
Plan does not represent an actual or potential conflict of interest and that Science 
Applications International Corporation does not have any financial or other interest in the 
outcome of the this project. 

I understand the term “conflict of interest” to mean that because of other activities or 
relationships with other persons, the contractor is unable or potentially unable to render 
impartial assistance or advice to the Government, or the contractor’s objectivity in 
performing the contract work is or might be otherwise impaired, or the contractor may 
have an unfair competitive advantage.  I understand the phrase “no financial or other 
special interest in the outcome of this project” to include any financial benefits such as 
promise of future construction or design work on the project, as well as indirect benefits 
the consultant is aware of other than the enhancement of the contractor’s professional 
reputation. 

 

     
 

 
  

 
     

   
 

     

Signed:  
Diane Keep 

Employer’s Name: Science Applications International Corporation 

Address: 10 East Figueroa Street 
    Santa Barbara, CA 93101 

Telephone Number:  805-564-6178 
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1 Appendix G 
2 Covered Colorado River Water Contracts 

3 Note:  If new contracts are executed and existing ownerships change, it is the intent of the LCR MSCP participants that such new or modified 
4 contracts are fully covered by the section 7 and section 10 take permits. 

  

    

   

     

  

 
 

   

    

   

    

  

 

  
 

  

5 Table G-1.  Colorado River Contractors within the States of Arizona, California and Nevada Page 1 of 10 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Arizona 

Arizona Public Service Company AZ 1,500 

Arizona State Land Department AZ 17,208 

Arizona State Parks Board—Windsor Beach AZ 90 

Arizona-American Water Company (Formerly AZ 1,420a 

Havasu Water Company) 

Brooke Water Company (Formerly Graham) AZ 800 

Bullhead City AZ 15,210a 

Bureau of Land Management AZ 4,010 

Camille, Allec Jr. AZ 120 

Canyon Forest Village II Corporation (specific AZ 400 
conditions need to be met before a 
recommendation to execute a final water delivery 
contract is made (letter dated May 22, 1998) 
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Table G-1.  Continued Covered Colorado River Water Contracts 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Central Arizona Water Conservation District 

Cibola Valley Irrigation and Drainage District b 

City of Parker 

AZ 

 AZ 

AZ 

Balance of Arizona’s 
apportionment (estimated to 

be a diversion of 
1.49 million af per year) 

31,120 

3,660 400 

City of Somerton 

City of Yuma 

AZ 

AZ 

750 

2,333 50,000 

City of Yuma (cemetery) AZ 60 

Cocopah Indian Reservation (Included in listing; 
however, the lands are south of Morales Dam and 
there is a question whether the diversion is to be 
considered mainstream water)  

AZ 10,847 

Crystal Beach Water Conservation District AZ 132 

Curtis Family Trust AZ 2,100 

Curtis, Armon AZ 300 

Desert Lawn Memorial Park AZ 560 

Ehrenburg Improvement District AZ 500 

El Cajon Farming Company (formerly Cameron 
Brothers)  

AZ 1,290 

Fisher’s Landing Water and Sewer Works LLC AZ 53 

Gila Monster Ranch (Formerly Sturges Farms 
Incorporated) 

AZ 9,156 plus upon request 

Gold Dome Mining Corporation AZ 7 

Gold Standard Mines Corporation AZ 75 

Golden Shores Water Conservation District AZ 2,000 

Hillcrest Water Company AZ 84 
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Table G-1.  Continued Covered Colorado River Water Contracts 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Hopal (Formerly Hurschler)c AZ 1,050 (In MVIDD) 

Huletc AZ 1,080 (In MVIDD) 

Jessen Farms AZ 1,080 

Kaman, Inc. AZ 2 

Lake Havasu City AZ 19,180a 

Marble Canyon Company AZ 70 

McAlister Subdivision AZ 40 

McKellips and Granite Reef Farmsc  AZ 810 (In MVIDD) 

Millerc AZ 240 (In MVIDD) 

Mohave County Water Authority (Working on AZ 18,500 
amendment to change entitlement to 18,500 af)a 

Mohave Valley Irrigation and Drainage District AZ 30,060 (estimated 
agricultural use from crop 

reports)a 

Mohave Valley Irrigation and Drainage District d AZ 5,000 (estimated municipal 
and industrial use from crop 

report; see footnote)a 

Mohave Water Conservation District AZ 1,800a 

Molina AZ 318 

North Baja LLC (Formerly Jamar Produce) AZ 480 

North Gila Valley Unit AZ 24,500 

Ogram Farms AZ 480 

Pasquinelli, Gary and Barbara (Formerly Ansel AZ 486 
Hall et al.) 

Peach, John  AZ 456 

Phillips, Milton and Jean AZ 60 

Powers AZ 960 
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Table G-1.  Continued Covered Colorado River Water Contracts 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Raynor Ranches AZ 4,500 

Roy, Edward P. AZ 1 

Section 10 Backwater AZ 500 

Shepard Water Company 

Sherill & Lafollettec 

Smucker Park 

AZ 

 AZ 

AZ 

50 

1,080 (In MVIDD) 

33 

Southern Pacific Company AZ 48 

Sunkist Growers (Now owned by GOBO Farms)  

Swanc 

AZ 

 AZ 

924 

960 (In MVIDD) 

Town of Quartzsite AZ 1,070 

University of Arizona AZ 1,088 

Verizon (Formerly Continental Telephone of CA) AZ 1 

Water Reserved by the Secretary for use in Indian 
Settlements 

AZ 3,500 

Water set aside for Arizona State Parks Board - 
Contact Point 

AZ 20 

Water set aside for Martinez Lake Cabin sites  AZ 23 

Wellton-Mohawk AZ 278,000 

Yuma Auxiliary Project (Unit B) AZ 6,800 

Yuma Auxiliary Project (Unit B) AZ Unquantified water rights 
certificates 

Yuma County Water Users’ Association 

Yuma County Water Users’ Association 

AZ 

AZ 

254,200 

Unquantified water rights 
certificates 

Yuma Mesa Division Gila (shared entitlement, 
NGVID, YID, YMIDD) 

AZ  250,000 
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Table G-1.  Continued 

 

Contractor 

Yuma Mesa Fruit Growers 

Yuma Union High School 

Zozayac

California 

Andrade, Dorothy 

Andrews, Michael & Linda 

Bly, James 

Brown, Jack D 

Carney, Jerome & Martha 

City of Needles  

City of Needles 

Coachella Valley Water District 

Coachella Valley Water District 

Dickman, Grannis & Myrnivele 

Glynn, Edward & Deborah 

Hutcheson, John E 

 

State 

AZ 

AZ 

 AZ 

  

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

Imperial Irrigation District CA 

Imperial Irrigation District CA 
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15 

200 

720 (In MVIDD) 

66e

 

 

 

 

 

1,500e

 

 

180e

 

 

Covered Colorado River Water Contracts

 Consumptive Use Amount1 Diversion Location Description 

  

  

  

 

 11 acrese 

 

 

 

 

 

 950 afe 

 

 

 30 acrese 

 

 

 

Point in Colorado River to be 
Established 

Point in Colorado River to be 
Established 

Point in Colorado River to be 
Established 

Point in Colorado River to be 
Established 

Point on Colorado River to be 
Established 

Surface Diversion Points in the 
Mainstream or Well 
Point in Colorado River 

Imperial Dam/All American Canal 
(Coachella Canal) 

Points on Colorado River Mutually 
Agreed Upon 

Point in Colorado River to be 
Established 

Point in Colorado River to be 
Established 

Point in Colorado River to be 
Established 

  Lower Colorado Water Supply 
Project 

2,600,000e 424,145 acrese Imperial Dam/All-American Canal 
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Table G-1.  Continued Covered Colorado River Water Contracts 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Lindeman, William & Hazel CA Point in Colorado River to be 
Established 

Metropolitan Water District of Southern California 

Metropolitan Water District of Southern California 

CA 

CA 

Havasu Reservoir 

Colorado River Surplus Flow 
Diversion 

Metropolitan Water District of Southern California CA 662,000 af f Lake Havasu/Whitsett Pumping 
Plant 

Palo Verde Irrigation District 

Picacho Development Corporation & California 
State Park 

CA 

CA  

219,780e 33,604 acrese Palo Verde Diversion Dam 

Point In Colorado River to be 
Established 

San Bernardino Valley Municipal Water District 

Schroeder, Wilbur & Carol 

CA 

CA 

Colorado River near Havasu Landing 

Point in Colorado River to be 
Established 

Sherman, Margaret CA Point In Colorado River to be 
Established 

Tijuana, Mexico CA Lake Havasu/Whitsett Pumping 
Plant 

Wetmore, Kenneth & Joan CA Point in Colorado River to be 
Established 

Wetmore, Mark & Judith CA Point in Colorado River to be 
Established 

Williams, Jerry & Deloris CA 1e 0.6 afe Point in Colorado River to be 
Established 

Miscellaneous Present Perfected Rights—refer to the 1979 Supplemental Decree 

Atcheson, Topeka and Santa Fe Railroads Co. CA 1,260e 273 afe 

Beauchamp CA 1e 0.6 afe 

Cate CA 1e 0.6 afe 

Chagnon CA 120e 20 acres 

Clark CA 1e 0.6 afe 
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Table G-1.  Continued Covered Colorado River Water Contracts 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Colorado River Sportsman's League CA 96e  16 acres 

Conger CA 1e  0.6 afe 

Cooper CA 60e  10 acres 

Corington  CA 1e  0.6 afe 

Diehl CA 1e 0.6 afe 

Douglas CA 1e  0.6 afe 

Draper, G. CA 1e  0.6 afe 

Draper, J. CA 1e  0.6 afe 

Dudley  CA 1e  0.6 afe 

Earle CA 1e 0.6 afe 

Estrada CA 1e 0.6 afe 

Faubion CA 1e 0.6 afe 

Ferguson, C. CA 1e  0.6 afe 

Ferguson, W. CA 1e  0.6 afe 

Friz CA 1e 0.6 afe 

Geiger  CA 1e  0.6 afe 

Graham, J. CA 1e 0.6 afe 

Grahman CA 1e 0.6 afe 

Hadlock CA 1e 0.6 afe 

Keefe CA 1e 0.6 afe 

Lawrence CA 120e 20 acres 

Lawrence CA 1e 0.6 afe 

Martnez CA 1e 0.6 afe 

McDonough  CA 1e  0.6 afe 

McGee CA 1e 0.6 afe 

Mendivil CA 120e 20 acres 
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Table G-1.  Continued  Covered Colorado River Water Contracts 

 

Contractor State Diversion Amount (af)1 Consumptive AmUse ount1 Diversio Ln ocation Description 

Milp 108eitas CA  18 acres  

Milp 69eitas CA  11.5 acres  

Morgan 150e CA   25 acres  

Randolph C 1e A  0. afe   6 

Reid 1e  CA  0. afe   6 

Reynolds C 36eA  ac 6 res  

Salisbu 1ery CA  0. afe   6 

Schneide 1e r CA  0. afe   6 

Simons C 60eA   10 acres  

Stallard 1e  CA  0. afe   6 

Stallard 1e  CA  0. afe   6 

Stephenson C 240eA   40 acres  

1e Streeter CA  0. afe   6 

Tolliv 1e er CA  0. afe   6 

Vaulin 1e  CA  0. afe   6 

Wave 780ers CA  13 ac0 res  

Wh 1e ittle CA  0. afe   6 

Williams 1e  CA  0. afe   6 

In decree accounting  (1999) but  not identified in the data obtained from the USBR or in the Decrees 

Cal, Ida CA   3  Wellsg  

Carney, Jerome D. CA    

City of Winterhaven CA    Wellg  

Dees, Alex  CA    

Ed Wa  vers Farms CA    

Harp, P. (R. Harp) CA    
Harp, Robert CA    
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Table G-1.  Continued  Covered Colorado River Water Contracts

 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Havasu Water Company CA   Wellg 

Horizon Farms CA    

Land, K. H. CA    

Lindeman, William H. & Hazel D. CA    

Living Earth Farm CA    

Lye, C. L. CA   Wellg 

MivCo Packing CA    

Pacific Gas and Electric CA    

Phillips, Dorothy L. CA    

Pichacho Development Corporation CA    

Power, O. L. CA    

Power, Pete CA    

Southern Cal Gas CA   Wellsg 

Valdez, Mike CA    

Williams, Jerry CA    

Wilson Farms CA    

Nevadah     

Basic Water Company NV 8,608   

Big Bend Water District NV 10,000   

Boulder City NV 5,876   

Boy Scouts NV 10   

Bureau of Reclamation NV 300   

Department of Fish and Game, Nevada Wildlife NV 25   
Department 

Henderson, City of NV 15,878   

Lakeview Company NV 0   

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program 
Final Appendices to Volumes I–III and V 

G-9 
J&S 00450.00

 



Table G-1.  Continued  Covered Colorado River Water Contracts 

 

Contractor State Diversion Amount (af)1 Consumptive Use Amount1 Diversion Location Description 

Las Vegas Valley Water District NV  15,407   

Pacific Coast Building Products (PABCO) NV 928   

 Robert B. Griffith Water Project includes: NV 308,000   
United States Air Force (4,000 af) 
Boulder City (8,918 af) 
North Las Vegas (26,635 af) 

 Henderson (27,021 af) 
Las Vegas Valley Water District (232,426 af) 
System Loss (9,000 af) 

  Southern Nevada Water Authority NV   14,550 from Victor Valley   
and BALANCE of any 

 unused entitlement 

  Southern Nevada Water Authority  NV   All of Nevada�s entitlement   
 to surplus water when 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

available 

Notes and Sources: 
af = acre-feet 

 MVIDD =  Mohave Valley Irrigation and Drainage District 
1   Consumptive use amount may be specified in either af or the amount required for the irrigation of a specified acreage. 
a    The 15,000 af is subcontracted by Mohave County Water Authority to Lake Havasu City (6,000 af), Bullhead City (6,000 af), and Mohave Water 

 Conservation District (3,000 af).       Mohave County Water Authority also has 3,500 af of 5th and/or 6th priority water subcontracted to Arizona-American   
 (750 af), and MVIDD (600 af). 

b   Cibola can use 300 af of its entitlement for municipal and industrial use. 
c  The PPR’s that are within MVIDD are part of MVIDD’s Colorado River water entitlement under its Contract for 41,000 af. 
d   MVIDD can use its entitlement of 41,000 af for either agriculture or municipal and industrial.  The 41,000 includes 5,940 af of Priority 1 water and  

 35,060 of priority 4 water.    MVIDD’s amounts listed are based on crop census information provided by MVIDD. 
e   No. 8, Orig.    State of Arizona, Plaintiff, v. State of California, et al.  On Joint Motion to Enter Supplemental Decree and Motions for Leave to Intervene.  

January 9, 1979. 
f  Seven Party Agreement.   Requesting Apportionment of California’s Share of the Waters of the Colorado River Among the Applicants in the State.  

August 18, 1931. 
g   2000 Proposed Supplemental Decree.  State of Arizona Plaintiff v. State of California et al. No. 8 Orig. 
  Major purveyors in the state of Nevada have a shared shortage agreement. 

  h 
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Total 

1 Arizona Mohave Tribal 546 149 0 10 0 0 0 18 105 947 0 0 0 0 1,775 

   NPS 1,054 354 0 48 0 0 0 92 496 47,872 127 0 0 0 50,044

   Not identified 0 0 0 0 0 0 0 0 0 7,468 1 0 0 0 7,469 

  Mohave Total  1,600 503 0 58 0 0 0 110 601 56,287 129 0 0 0 59,287 

 Arizona Total   1,600 503 0 58 0 0 0 110 601 56,287 129 0 0 0 59,287 

 Nevada Clark NPS 25 541 0 0 0 0 0 0 7 6,368 83 0 0 0 7,024 

   Private 3 132 0 0 0 0 0 0 1 11 0 0 0 0 148 

   Not identified 92 1,078 0 0 0 0 0 26 51 93,196 140 0 1 0 94,584 

  Clark Total  121 1,750 0 0 0 0 0 26 59 99,575 223 0 1 0 101,755 

 Nevada Total   121 1,750 0 0 0 0 0 26 59 99,575 223 0 1 0 101,755 

1 Total    1,721 2,253 0 58 0 0 0 136 660 155,862 352 0 1 0 161,043

2 Arizona Mohave NPS 0 210 0 119 0 0 0 10 0 10,065 6 0 0 0 10,412 

   Private 0 165 4 116 28 0 0 3 0 2,551 0 0 0 0 2,866

   Not identified 0 0 0 0 0 0 0 0 0 1,349 0 0 0 0 1,349 

  Mohave Total  0 375 4 236 28 0 0 13 0 13,965 6 0 0 0 14,627 

 Arizona Total   0 375 4 236 28 0 0 13 0 13,965 6 0 0 0 14,627 

 Nevada Clark NPS 1 211 0 76 0 0 0 6 0 1,456 7 0 0 0 1,757 

   Private 0 0 0 0 0 0 0 0 0 26 0 0 0 0 26 

   Not identified 0 252 0 48 3 0 0 4 0 11,900 18 0 0 0 12,226

  Clark Total  1 463 0 124 4 0 0 10 0 13,382 24 0 1 0 14,008 
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    LCR MSCP Land Cover Types  
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Total 

 Nevada Total   1 463 0 124 4 0 0 10 0 13,382 24 0 1 0 14,008 

2 Total    1 838 4 359 32 0 0 22 0 27,347 31 0 1 0 28,635

3 Arizona La Paz BLM 0 0 0 0 0 0 0 0 0 20 2 0 0 0 21 

   Private 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Reclamation 0 0 0 0 0 0 0 0 0 13 4 0 0 0 17 

   State park 0 0 0 0 0 0 0 0 0 141 0 0 0 0 141 

   USFWS 400 87 0 0 4 0 0 95 0 300 3 0 0 0 889 

  La Paz Total  400 87 0 0 4 0 0 95 0 474 8 0 0 0 1,068 

  Mohave BLM 31 109 0 99 14 2 0 14 73 280 134 0 137 115 1,008 

   Tribal 7 2,262 531 529 2,787 103 0 6 287 19 853 8,805 1,190 839 18,218

   NPS 0 0 0 30 0 0 0 5 43 0 16 0 13 3 108 

   Private 57 2,964 44 721 568 68 0 82 551 51 1,879 5,255 3,822 2,593 18,655

   Reclamation 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 

   State 0 36 37 106 0 0 0 6 7 0 118 0 5 33 349

   State park 0 175 0 17 0 0 0 31 0 5,764 561 0 0 0 6,547

   USFWS 945 5,828 0 246 343 87 0 3,212 3,281 1,964 510 222 0 86 16,725

   Not identified 0 0 0 0 0 3 0 3 164 0 0 0 1 0 171 

  Mohave Total  1,041 11,375 612 1,748 3,713 262 0 3,358 4,405 8,077 4,071 14,283 5,168 3,669 61,782 

 Arizona Total   1,441 11,462 612 1,748 3,717 262 0 3,453 4,405 8,551 4,079 14,283 5,168 3,669 62,850 

 California San Bernardino BLM 8 187 0 75 29 21 0 14 97 1,556 140 1,637 29 312 4,106 

   Tribal 25 214 0 26 416 23 0 70 113 4,572 148 2,155 0 148 7,909

   Private 41 917 4 292 498 131 0 30 368 57 668 534 931 1,277 5,750 

   State park 0 13 0 0 2 0 0 5 0 1,462 322 0 0 0 1,804 

   USFWS 13 232 0 73 20 2 0 637 192 1,776 55 0 0 0 3,001

   Not identified 0 0 0 0 0 0 0 0 50 0 0 0 0 0 50 

  San Bernardino  88 1,563 4 467 965 177 0 756 821 9,423 1,333 4,326 961 1,737 22,620 
Total 

 California Total   88 1,563 4 467 965 177 0 756 821 9,423 1,333 4,326 961 1,737 22,620 

 Nevada Clark BLM 0 56 0 746 37 31 0 0 17 0 908 0 0 448 2,243 

   Tribal 0 182 9 230 213 5 0 3 88 0 1,008 550 0 703 2,991 

   NPS 0 0 0 0 0 0 0 0 6 0 0 0 0 0 6 

   Private 12 151 0 165 79 0 5 42 63 0 143 0 138 40 837
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Total 

   State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Not identified 0 228 1 107 46 22 14 102 361 0 203 0 123 34 1,241 

  Clark Total  12 617 10 1,247 376 58 19 148 536 0 2,261 550 260 1,225 7,318 

 Nevada Total   12 617 10 1,247 376 58 19 148 536 0 2,261 550 260 1,225 7,318 

3 Total    1,540 13,642 626 3,462 5,057 496 19 4,356 5,762 17,975 7,674 19,159 6,389 6,631 92,788 

4 Arizona La Paz BLM 39 275 9 9 39 16 10 6 166 95 65 302 59 11 1,101 

   Tribal 305 7,768 5,697 6,271 1,504 5,491 68 679 2,120 181 6,549 75,765 12,495 3,539 128,432 

   Private 17 1,096 122 872 269 76 1 27 507 253 585 3,511 1,005 643 8,984 

   State 50 1,341 232 970 29 44 0 4 164 29 142 1,042 216 302 4,566 

   State park 0 15 30 19 0 6 3 0 2 125 25  133 94 451 

   USFWS 102 3,061 14 1,027 35 10 0 427 561 0 69 1,362 167 185 7,021 

  La Paz Total  514 13,557 6,103 9,168 1,876 5,645 80 1,142 3,520 683 7,435 81,982 14,076 4,774 150,555 

 Arizona Total   514 13,557 6,103 9,168 1,876 5,645 80 1,142 3,520 683 7,435 81,982 14,076 4,774 150,555 

 California Imperial BLM 20 88 0 28 11 3 0 9 29 0 68 1,682 234 81 2,252 

   Private 76 974 4 212 138 38 0 92 416 0 499 6,839 1,124 414 10,828 

   State 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 

   USFWS 136 6,441 133 1,274 411 59 45 303 488 0 166 190 1 5 9,651 

  Imperial Total  231 7,502 138 1,514 560 100 45 404 937 0 733 8,710 1,359 501 22,733 

  Riverside BLM 46 361 0 104 248 36 92 33 437 0 573 5,848 786 118 8,683 

   Tribal 44 4,377 158 2,168 1,557 459 223 217 1,172 23 1,217 2,295 513 179 14,604 

   Private 46 365 0 37 162 56 38 98 434 29 1,449 70,768 15,116 279 88,878 

   State 0 0 0 0 0 0 0 0 23 0 0 0 0 0 24 

  Riverside Total  136 5,104 158 2,310 1,967 551 353 348 2,067 52 3,239 78,912 16,415 576 112,189 

  San Bernardino BLM 0 16 16 79 12 49 2 8 12 285 49 0 284 110 923 

   Tribal 8 690 4 200 231 179 93 179 377 145 188 0 411 157 2,864 

   Private 0 46 21 122 6 15 7 8 2 50 61 0 165 148 652 

   State 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   State park 0 0 0 0 0 0 0 0 0 11 0 0 0 0 11 

  San Bernardino  8 752 41 401 249 244 103 196 392 491 299 0 860 414 4,450 
Total 

 California Total   375 13,358 337 4,226 2,776 894 501 948 3,396 543 4,271 87,622 18,634 1,491 139,372 

   4 Total 889 26,915 6,440 13,394 4,653 6,539 582 2,090 6,916 1,226 11,706 169,604 32,710 6,265 289,927 
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Total 

5 Arizona La Paz BLM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Private 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 

   USFWS 177 1,617 140 368 449 21 0 619 1,323 0 100 0 0 0 4,815 

  La Paz Total  177 1,617 140 368 449 21 0 619 1,326 0 100 0 0 0 4,817 

  Yuma BLM 0 6 0 9 0 0 0 8 0 39 1 4 0 0 67 

   Private 54 190 2 38 3 2 0 745 153 340 35 0 0 0 1,564 

   State 7 203 0 36 9 3 0 124 3 185 39 0 0 0 609 

   USFWS 38 981 0 47 2 6 0 234 144 297 66 256 0 0 2,071 

  Yuma Total  100 1,380 2 131 13 11 0 1,111 300 862 141 260 0 0 4,311 

 Arizona Total   277 2,997 143 499 462 32 0 1,730 1,626 862 242 260 0 0 9,129 

 California Imperial BLM 81 260 7 69 22 0 0 926 86 757 36 0 0 0 2,245 

   Private 79 225 0 10 29 0 0 71 37 73 0 0 0 0 524 

   State 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 

   State park 34 403 6 78 0 15 0 314 106 0 66 0 0 0 1,021 

   USFWS 144 1,695 19 122 66 1 0 719 941 144 53 0 0 0 3,905 

  Imperial Total  338 2,582 32 279 117 16 0 2,031 1,170 975 155 0 0 0 7,695 

 California Total   338 2,582 32 279 117 16 0 2,031 1,170 975 155 0 0 0 7,695 

5 Total    616 5,579 175 778 579 48 0 3,761 2,796 1,836 397 260 0 0 16,824 

6 Arizona Yuma BLM 10 780 0 5 34 50 3 35 54 1 61 6 7 6 1,051 

   Tribal 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Private 662 1,268 1 17 175 82 96 220 295 78 476 18,451 4,967 378 27,164 

   State 79 125 0 3 0 13 0 7 13 3 86 857 235 0 1,418 

   State refuge 130 1,794 1 109 72 374 0 713 0 442 95 0 0 12 3,743 

   USFWS 13 267 0 2 66 1 4 50 2 12 3 65 0 12 497 

   Not identified 73 8 0 0 139 0 0 62 20 3 0 0 0 0 305 

  Yuma Total  967 4,241 2 135 487 520 103 1,087 384 539 720 19,379 5,208 408 34,180 

 Arizona Total   967 4,241 2 135 487 520 103 1,087 384 539 720 19,379 5,208 408 34,180 

 California Imperial BLM 164 1,358 3 83 134 345 11 168 305 12 1,027 2,317 1,022 1,117 8,067 

   Tribal 8 43 0 13 14 113 6 4 13 3 860 7,292 2,255 435 11,057 

   Private 44 285 0 2 107 39 44 106 109 41 401 6,756 1,468 166 9,570 

   State 0 3 0 0 0 0 0 2 3 0 0 135 21 2 165 
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Total 

   USFWS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   Not 135 318 0 0 45 51 0 43 78 8 104 908 228 208 2,125 identified 

  Imperial  351 2,007 3 99 299 548 61 324 507 63 2,393 17,407 4,994 1,928 Total 30,984 

 California Total   351 2,007 3 99 299 548 61 324 507 63 2,393 17,407 4,994 1,928 30,984 

6 Total    1,318 6,248 5 234 786 1,068 164 1,411 891 603 3,113 36,786 10,201 2,336 65,164 

7 Arizona Yuma BLM 9 266 0 0 0 0 0 0 12 0 1 445 176 0 908 

   Tribal 90 305 0 0 0 0 0 3 2 0 1 883 399 0 1,683 

   Private 290 1,326 0 2 49 46 121 55 68 6 116 41,943 13,515 12 57,549 

   State 0  0 0 0 0 0 0 0 0 0 1,402 210 0 1,612 

   Not identified 287 902 0 0 0 2 0 72 58 3 12 32 7 0 1,374 

  Yuma 675 2,799 0 2 49 48 121 129 140 9 129 44,705 14,307 12  63,126 Total 

 Arizona Total   675 2,799 0 2 49 48 121 129 140 9 129 44,705 14,307 12 63,126 

7 Total 675 2,799 0 2 49 48 121 129 140 9 129 44,705 14,307 12 63,126    

Grand Total    6,759 58,274 7,250 18,287 11,156 8,198 886 11,906 17,164 204,858 23,401 270,514 63,609 15,244 717,507 

1 Notes: Backwater land cover type is not mapped and is included in the marsh and river land cover types.  Land cover type areas in this table do not match exactly with areas in LCR MSCP HCP Table 3-8 because when the land ownership database was 
2 combined with the land cover type databases, small sliver polygons were created that could not be assigned to any land cover type.  Numbers do not add up exactly to totals because numbers were totaled, then rounded. 
3 Sources: 
4 1 Reaches 1 and 2 from Bureau of Reclamation (1997, supplemented in 2002) data only. 
5 2 Land ownership from State Gap Analysis Program (Nevada), Teale ownership dataset (California), and ALRIS (Arizona). 
6 BLM = Bureau of Land Management 
7 Tribal = Tribal ownership 
8 NPS = National Park Service 
9 Private = Private ownership 

10 Reclamation = of Reclamation Bureau 
11 State = Lands in State trusts 
12 State Park = State Departments of Parks and Recreation 
13 State Refuge = State wildlife refuges 
14 USFWS = U.S. Fish and Wildlife Service 
15 Not identified = Land ownership not identified in State GAP, Teale ownership dataset, or ALRIS; however, landowner could be any of the other landowner categories. 
16 3 Bureau of Reclamation (1997, supplemented in 2002). 
17 4 Lower Colorado River Accounting System Phreatophyte (2001b). 
18 5 Bureau of Indian Affairs (2001). 
19 6 Lower Colorado River Accounting System Irrigated Lands (2001a). 
20  7 Undetermined riparian is not an LCR MSCP land cover type.  However, the riparian cover types described in the Lower Colorado River Accounting System phreatophyte database that cannot be crosswalked to the LCR MSCP cover types are classified as 
21 undetermined riparian. 
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Appendix I 
Status of LCR MSCP Covered Species 

3 I.1 Status of Species Covered by the LCR MSCP 
4 HCP and BA 
5 This section presents species-specific information that was used to: 

6  define the existing extent of covered and evaluation species habitats in the LCR 
7 MSCP planning area described in Chapter 3 of the LCR MSCP HCP and Chapter 4 
8 of the LCR MSCP BA, 

9  conduct the assessment of effects of covered activities and the LCR MSCP on species 
10 described in Chapter 4 of the LCR MSCP and Chapter 5 of the LCR MSCP BA, and  

11  formulate the LCR MSCP Conservation Plan described in Chapter 5 of the LCR 
12 MSCP HCP. 

13 I.1.1 Threatened and Endangered Species 

14 I.1.1.1 Yuma Clapper Rail (Rallus longirostris 
15 yumanensis) 

16 Legal Status 

17 The Yuma clapper rail is listed as endangered under the Federal Endangered Species Act 
18 (ESA) and threatened under the California Endangered Species Act (CESA). 

19 Other Status 

20 The Yuma clapper rail is also: 

21  a G5T3 (global rank) and an S3 (state rank) in the Arizona Heritage Data 
22 Management System, 

23  a wildlife of special concern in Arizona, and 
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1  a G5T3 (global rank) and an S1 (state rank) in the California Natural Diversity  
2 Database (CNDDB). 

3 Species Distribution 

4 The Yuma clapper rail, one of seven North American subspecies of clapper rails, occurs 
5 primarily along the lower Colorado River (LCR) in California, Arizona, and Mexico.  It 
6 is a fairly common summer resident from Topock south to Yuma in the United States and 
7 at the Colorado River Delta in Mexico.  There are also populations of this subspecies at 
8 the Salton Sea in California (Garrett and Dunn 1981) and along the Gila and Salt Rivers 
9 to Picacho Reservoir and Blue Point in central Arizona (Rosenberg et al. 1991).  In recent 

10 years, individual clapper rails have also been heard at Laughlin, the Virgin River, and Las 
11 Vegas Wash in southern Nevada (Nevada Department of Wildlife 1998; McKernan and 
12 Braden 2002). 

13 Habitat Requirements and Special Considerations 

14 In the United States, the Yuma clapper rail is associated primarily with freshwater  
15 marshes, with the highest densities of this subspecies occurring in mature stands of dense 
16 to moderately dense cattails and bulrushes.  In Mexico, the subspecies is associated with 
17 brackish marshes dominated by  dense stands of saltcedar with an understory of iodine 
18 bush.  The main factors determining the suitability of these vegetation communities as 
19 habitat are the annual range in water depth and the presence of mats of marsh vegetation.  
20 Anderson and Ohmart (1985) found that home ranges of single or paired birds along the 
21 LCR encompassed up to 43 hectares (ha) (106 acres), with an average home range of 
22 7.5 ha (18.5 acres).  Home ranges were found to overlap extensively.  Eddleman (1989) 
23 found great seasonal variations in home  ranges (for males, the largest was 24.0 ha ± 15.7 
24 SD, n = 6 in January and February and the smallest was 3.6 ha ± 2.8 SD, n = 9 during 
25 incubations) (for females, the largest was 21.0 ha ± 8.7 SD, n = 8 and the smallest was 
26 2.2 ha ± 18 SD, n = 4 during incubation).  The Yuma  clapper rail begins nesting activities 
27 by February.  Young hatch in the first week of June and suffer high mortality from  
28 predators in their first month of life (Rosenberg et al. 1991).  Crayfish are the primary  
29 food source of this subspecies along the LCR and may be a limiting factor restricting rail 
30 occurrence (Ohmart and Tomlinson 1977; Eddleman 1989).  Other food items  include 
31 small fish, isopods, insects, spiders, freshwater shrimp, clams, and seeds (California 
32 Department of Fish and Game 1991; Rosenberg et al. 1991; Eddleman and Conway  
33 1998).  Rosenberg et al. (1991) list several unique qualities of the Yuma clapper rail that 
34 may be pertinent to conservation planning efforts.  For example, relative to other 
35 subspecies, the Yuma clapper rail has an increased ability to colonize new habitats 
36 because of its partly migratory behavior and the prompt dispersal of juveniles following 
37 breeding.  In addition, it effectively uses food resources characteristic of freshwater 
38 marshes. 
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1 Regionally Significant Populations in the LCR MSCP   
2 Planning Area 

3 In the LCR MSCP planning area, Yuma clapper rail populations are considered 
4 regionally significant.  Population centers for this subspecies include Imperial Division, 
5 Imperial National Wildlife Refuge (NWR), Cibola NWR, Mittry Lake, West Pond, Bill 
6 Williams Delta, Topock Gorge, and Topock Marsh (U.S. Fish and Wildlife Service, no 
7 date).  Populations were recently found along the LCR at the Virgin River, at Walker and 
8 Draper Lakes, and north of the LCR MSCP planning  area in the Grand Canyon 
9 (McKernan and Braden 2002). 

10 Population Status and Reasons for Decline 

11 During 1994, a complete survey of the LCR found 1,145 individuals during the breeding 
12 season.  During 2000, a survey for California black rail resulted in the detection of 412 
13 Yuma Clapper Rails along the lower reaches of the LCR (Conway  et al. 2002).   Surveys 
14 conducted throughout the LCR MSCP planning area by the U.S. Fish and Wildlife 
15 Service (USFWS) have resulted in counts of 220 (2000), 191 (2001), 227 (2002) and 325  
16 (2003) (Fitzpatrick pers. comm.).  However, because these are not estimates of the 
17 population, these counts do not indicate a population trend per se.  In the late 1980s, it 
18 was estimated that an additional 450–970  clapper rails occurred outside of the LCR 
19 MSCP planning area in Mexico.  Prior to 1991, the overall population was considered to 
20 be stable/declining, which  meant that some local populations were declining, significant 
21 threats had been identified, and adverse effects had been documented in recent years 
22 (California Department of Fish and Game 1991).  This assessment was made because of 
23 the loss of marshes along the LCR and because of land management practices in Imperial 
24 County.  Yuma clapper rail surveys were recently conducted at the Cienega de Santa 
25 Clara in Sonora, Mexico.  The Cienega is located just east of the mouth of the Colorado 
26 River, at the head of the Gulf of California.  These surveys produced a population 
27 estimate of 5,000 individuals with the use of a 60% response estimate to taped calls (Piest 
28 and Campoy  1998).  Approximately 3,000 individuals would have been estimated for the 
29 Cienega de Santa Clara without the use of the 60% response estimation. 

30 Current Threats to Species Survival 

31 The Yuma clapper rail is threatened by river management activities that are detrimental 
32 to marsh formation, such as dredging, channelization, bank stabilization, and other flood 
33 control measures.  Another serious threat is environmental contamination caused by  
34 selenium.  High selenium levels have been documented in some adult birds and eggs.  In 
35 addition, crayfish populations were also contaminated with selenium  along the LCR.  
36 Selenium, which may cause metabolic problems and affect the reproductive success of 
37 clapper rails, appears to be coming from  upstream coal-fired plants, mining, natural 
38 weathering, and agricultural runoff (Rosenberg et al. 1991).  Selenium is known to 
39 accumulate in backwater marshes (Martinez 1994; Rusk 1991).  Based on analyses of 
40 selenium in tissue samples from  marsh birds and invertebrates, Rusk (1991) concluded 
41 that the risk for mortality of adult birds from selenium is low and assessed the risk for the 
42 development of genetic deformities in marsh birds that use backwaters as moderate to 
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1 high.  Other threats to the Yuma clapper rail include mosquito abatement activities, 
2 agricultural activities, development, and the displacement of native plant communities by  
3 exotic vegetation (California Department of Fish and Game 1991).  

4 The large population of Yuma clapper rails at the Cienega de Santa Clara is threatened by  
5 the loss of the source of water that maintains the wetlands.  The recent population 
6 estimate of approximately  5,000 individuals suggests that the majority of Yuma clapper 
7 rails found in  North America inhabit this area.  The Cienega de Santa Clara population is 
8 supported by the Wellton-Mohawk MODE and Riito drain waters (Glenn et al. 1996).  
9 Since 1977, the main outlet drain extension (MODE) has carried 4.2–6.4 x109 cubic feet 

10 per year of mildly saline (i.e., 3 parts per thousand) groundwater from the Wellton-
11 Mohawk Irrigation District in Arizona for disposal in the eastern delta (Burnett et al. 
12 1993).  Future water management decisions may result in the diversion of the MODE 
13 drain waters away from the Cienega de Santa Clara.  Diversion of the MODE water 
14 would likely result in the elimination of dominant wetland vegetation and functions at the 
15 Cienega de Santa Clara (Burnett et al. 1993; Glenn et al. 1995, 1996; Zengel et al. 1995).  
16 A large-scale conversion of wetlands would have drastic impacts on the Yuma  clapper 
17 rail population that inhabits the Cienega de Santa Clara. 

18 Management Needs 

19 The Yuma clapper rail recovery plan (U.S. Fish and Wildlife Service 1983) identifies a 
20 number of management activities necessary to reach recovery goals.  These activities 
21 include: 

22  regional sampling at 5-year intervals in known, occupied areas and localized 
23 sampling on an annual basis; 

24  studies to determine behavior and biological requirements of the species; 

25  preservation and maintenance of breeding habitat in the United States; 

26  identification, protection, and management of wintering habitat in the United States 
27 and Mexico; 

28  public education programs; and 

29  a data-sharing program with local ornithological societies. 

30 Existing Management Actions 

31 In accordance with RPM1, from the 1997 Biological Opinion (BO), for the Yuma clapper 
32 rail, Bureau of Reclamation (1998a) is ensuring that its operations and maintenance 
33 actions will result in no net loss of Yuma clapper rail habitat.  Toward this end, 
34 Reclamation has prepared Yuma clapper rail management plan for areas under its 
35 management (Bureau of Reclamation 1998b).   Reclamation has also ensured that all 
36 ground disturbing activities  (e.g., channel maintenance activities) avoid rail habitat and 
37 are not conducted near rail habitat during the nesting season.  Maintenance activities, 
38 however, are subject to limitations outlined in Reasonable and Prudent Alternatives 

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program I-4 
Final Appendices to Volumes I–III and V J&S 00450.00 

 

http:00450.00


  Status of LCR MSCP Covered Species 

 

1 (RPAs) for the bonytail, razorback sucker, and southwestern willow flycatcher (U.S. Fish 
2 and Wildlife Service 1997). 

3 Arizona Partners in Flight (Latta et al. 1999) has designated the Yuma clapper rail as a 
4 priority species for marsh areas.  In addition, a wide variety of habitat-based management 
5 actions are ongoing throughout the LCR Basin.  Most of these actions are small-scale 
6 projects that focus on the restoration/enhancement of native riparian, riverine, and marsh 
7 areas.  Cumulatively,  these actions have the potential to aid significantly in efforts to 
8 conserve the Yuma clapper rail. 

9 Recovery Goals 

10 The USFWS approved the Yuma clapper rail recovery plan in 1983.  The stated purpose 
11 of the recovery plan is to provide natural resource management agencies and 
12 conservation groups with background information on the Yuma clapper rail and indicate 
13 new or ongoing tasks needed to achieve eventual Federal and state delisting of the species 
14 (U.S. Fish and Wildlife Service 1983).  The primary  objective of the recovery plan is as 
15 follows: 

16 Now that a breeding  population of  700–1,000 individuals has been stable for 10 years, the 
17 Yuma  clapper rail  should be considered for reclassification to threatened status.  The  
18 Yuma clapper rail could be considered  for delisting when (1) its breeding  and wintering 
19 status in Mexico is clarified and evaluated; (2) surveys for the species and its habitat are 
20 established; (3) management plans are developed for important federal and state 
21 controlled breeding areas; and (4) written agreements are effected with agencies having  
22 control or responsibility over Yuma clapper rail habitat in the United States and Mexico  
23 to protect sufficient wintering and  breeding  habitat to support a population  of 700–1,000  
24 breeding  birds in the United States.  Consideration for delisting the Yuma clapper rail 
25 will be  based  on an assessment of the status  of the U.S. and  Mexican  populations.  (U.S. 
26 Fish and Wildlife Service 1983.) 

27 I.1.1.2 Southwestern Willow Flycatcher (Empidonax 
28 traillii extimus) 

29 Legal Status 

30 The southwestern willow flycatcher is listed as endangered under the ESA and CESA.  
31 On October 12, 2004, the USFWS proposed critical habitat for the southwestern willow 
32 flycatcher (69 Fed Reg. 60706).  Distinct reaches within the planning area include:  1) 
33 Reach 1:  lower Grand Canyon from Separation Canyon to Pierce Ferry, including a 
34 small portion of upper Lake Mead, a small portion of the Virgin River Delta, and a small 
35 portion of the Muddy River Delta as it enters Lake Mead; 2) Reach 3 and 4:  Davis Dam  
36 to Parker Dam including Lake Havasu and Topock Marsh, a portion of the Bill Williams 
37 River as it enters Lake Havasu, and Parker Dam to upper end of the Colorado River 
38 Indian Tribe reservation; and 3) entire length of Reach 5 and a portion of Reach 6 
39 extending to  a point 3.5 miles north of the Gila/Colorado River confluence. 
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1 Other Status 

2 The southwestern willow flycatcher is also: 

3  a G5T2 (global rank) and an S1 (state rank) in the Arizona Heritage Data 
4 Management System, 

5  a wildlife species of special concern in Arizona, 

6  a G5T2 (global rank) and an S1 (state rank) in the CNDDB, and 

7  a G5T2 (global rank) and an S1 (state rank) in the Nevada Natural Heritage Program. 

8 Species Distribution 

9 The southwestern willow flycatcher is recognized as one of five subspecies of the willow 
10 flycatcher.  Southwestern willow flycatchers are neotropical migrants that were once 
11 widespread and locally common throughout riparian areas of the arid Southwest.  Their 
12 historical breeding distribution included southern California, southern Nevada, southern 
13 Utah, Arizona, New Mexico, and western Texas (Hubbard 1987; Unitt 1987; Browning 
14 1993).  Since the 1800s, the willow flycatcher has experienced extensive population 
15 reductions throughout its range (U.S. Fish and Wildlife Service 1995a; Arizona Game 
16 and Fish Department 1997a).  The total U.S. population of southwestern willow 
17 flycatchers has been reduced to 900–1,100 breeding pairs (U.S. Fish and Wildlife Service 
18 2002b).  Most breeding groups support fewer than five pairs, and the distribution of 
19 breeding groups is often highly fragmented (U.S. Fish and Wildlife Service 2002b).  
20 Historically, the southwestern willow flycatcher was probably an uncommon and 
21 widespread summer resident along the LCR (McKernan and Braden 2002).  This riparian 
22 corridor probably served as an important conduit for both demographic and genetic 
23 exchange between other populations in the southwest (Paxton et al. 1997). 

24 Habitat Requirements and Special Considerations 

25 Throughout its range, the southwestern willow flycatcher is a riparian obligate, 
26 insectivore that breeds in summer along rivers, streams, and other wetlands where dense 
27 willow, cottonwood, saltcedar, or other similarly structured riparian vegetation occurs 
28 (U.S. Fish and Wildlife Service 2002b, 1995a; Arizona Game and Fish Department 
29 1997a).  Along the LCR, southwestern willow flycatchers begin nesting in May and 
30 continue through July (McKernan and Braden 2001).  They  nest in riparian vegetation 
31 characterized by low, dense shrubs, such  as native willows and nonnative saltcedar, 
32 usually with a sparse to dense overstory of Fremont cottonwoods or Goodding’s willows; 
33 water or moist soil is usually present beneath the canopy (McKernan and Braden 2001).  
34 Along the LCR, saltcedar is a minor to major component in all occupied southwestern 
35 willow flycatcher habitat areas except for the Virgin Delta and Lake Mead Delta 
36 (McKernan and Braden 1998, 1999, 2001).   

37 Nesting habitat for the southwestern willow flycatcher typically has extensive canopy  
38 coverage and is structurally homogenous (U.S. Fish and Wildlife Service 1995a).  
39 Occupied habitat is generally associated with standing or slow-moving surface water or 
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1 saturated soils and is dominated by shrubs and trees 10–30 feet tall that provide dense 
2 low and midstory vegetation, with small twigs and branches for nesting.  Apparently, 
3 plant structure and the presence of surface water or saturated soils may be more important 
4 than plant species composition in defining  suitable flycatcher habitat (U.S. Fish and 
5 Wildlife Service 1995a). 

6 Occupied patch size and shape can vary  substantially  between occupied southwestern 
7 willow flycatcher nesting sites.  Sogge et al. (1997) surveyed saltcedar-dominated 
8 riparian vegetation at breeding sites in the Grand Canyon that ranged from 0.6 to 0.9 ha 
9 (1.48–2.22 acres), but the flycatchers were reported to use only  portions of the vegetation 

10 patches.  This survey reported a mean territory size of 0.16 ha (0.40 acre) (N = 8 males, 
11 SD = 0.15), with a range of 0.06–0.5 ha (0.15–1.24  acres).  This subspecies also nests in 
12 forest tracts larger than 100 ha (247 acres) at Roosevelt Lake (Spencer et al. 1996; 
13 Paradzick et al. 2000) and Lake Mead (McKernan 1997).  Although a large majority of 
14 occupied sites are in smaller tracts, this subspecies generally avoids nesting in narrow, 
15 linear corridors with only a few scattered trees (U.S. Fish and Wildlife Service 2002b). 

16 Nesting success rates for the southwestern willow flycatcher appear to be affected by  
17 habitat fragmentation, resulting in increased rates of predation and high levels of brood 
18 parasitism by the brown-headed cowbird (U.S. Fish and Wildlife Service 1995a, 2002b; 
19 Arizona Game and Fish Department 1997a).  Brown-headed cowbirds usually parasitize 
20 songbird nests that are situated near forest edges (Rothstein et al. 1984; Gates and Evans 
21 1998).  Thus, southwestern willow flycatcher nests in narrow or fragmented riparian 
22 corridors tend to be more susceptible to parasitism by cowbirds than those near clearings 
23 and low-water swales in larger riparian stands (e.g., greater than 2.5 acres).  Cowbirds are 
24 common or abundant in many areas along the LCR, and they represent a persistent factor 
25 that reduces southwestern willow flycatcher nesting success throughout the region 
26 (McKernan and Braden 2002; Gallagher et al. 2001).   

27 Regionally Significant Populations in the LCR MSCP   
28 Planning Area 

29 Until recent surveys discovered breeding flycatchers at Topock Marsh, the southwestern 
30 willow flycatcher was thought to have been extirpated as a breeding species along the 
31 lower reaches of the Colorado River (McKernan 1997; Rosenberg et al. 1991; Hunter et 
32 al. 1987; U.S. Fish and Wildlife Service 1995a).  Through surveys completed every  year 
33 since 1996, several occupied habitats have been located along the Virgin River, At 
34 Pahranagat National Wildlife Refuge, along the Lower Grand Canyon into the delta with 
35 Lake Mead, at Topock Marsh, and in isolated areas along the lower Colorado 
36 River.Nesting southwestern willow flycatchers now occur only in five regionally  
37 significant populations (i.e., greater than five nests in any  year since 1996) along the 
38 LCR:  Mesquite West, Mormon Mesa (north), Nevada, Pahranagat National Wildlife 
39 Refuge, Nevada, Virgin River Oasis and  Delta area, Nevada, and Topock Marsh,  
40 Arizona.  In the upper reaches of the LCR MSCP planning area, small, localized 
41 populations of breeding flycatchers have been located at the upper Lake Mead Delta 
42 (habitat inundated after 1997), the Virgin River Delta, and outside, but adjacent to the 
43 LCR MSCP planning area at Bill Williams River NWR, and the Grand Canyon National 
44 Park (Arizona Game and Fish Department 1997a; Sogge et al. 1997).  Other sites where 
45 flycatchers were detected but not confirmed breeding in 1996, 1997, 1999, 2001, or 2002 
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1 include North Lake Havasu, Headgate Rock Dam, Hall Island, Big Hole, Ehrenberg, 
2 Cibola Lake, Walker Lake, Draper Lake,  Adobe Lake, Taylor Lake, Picacho State 
3 Recreation Area, Ferguson Lake, Imperial NWR, Mittry Lake, Laguna Dam vicinity, 
4 Gila/Colorado River confluence, Gadsden, Gadsden Bend, and Hunter’s Hole (McKernan 
5 1997; McKernan and Braden 2002).   

6 Population Status and Reason for Decline 

7 Based on recent censuses and population estimates throughout the range of the 
8 southwestern willow flycatcher, the USFWS (2001) estimated the total number of 
9 remaining flycatchers at approximately 900–1,100 pairs.  In most populations that have 

10 been monitored since that time, threats remain and declines are continuing (U.S. Fish and 
11 Wildlife Service 1995a).  The primary factors responsible for the decline of the 
12 southwestern willow flycatcher are the loss and degradation of native riparian vegetation, 
13 particularly cottonwood-willow associations (U.S. Fish and Wildlife Service 1995a; 
14 Arizona Game and Fish Department 1997a).  Related factors contributing to the decline 
15 of this species include brood parasitism by brown-headed cowbirds (especially in small, 
16 fragmented riparian stands), increased nest predation on eggs and nestlings (e.g., 
17 common kingsnake, gopher snake), saltcedar invasion, urban and agricultural 
18 development, livestock grazing, water diversion and impoundment, channelization, off-
19 road vehicle use and recreation, floods, pesticides, forest practices, and possible gene 
20 pool limitations (U.S. Fish and Wildlife Service 1995a, 2002b; Arizona Game and Fish 
21 Department 1997a). 

22 Reclamation through contracts has surveyed for presence/absence of the southwestern 
23 willow flycatcher every  year since 1996.  Approximately  95 sites were surveyed in 2003 
24 for presence absence all along the LCR and extensive life history studies were conducted 
25 regionally at four major sites including Pahranagat National Wildlife Refuge, Nevada, 
26 Mesquite West, Nevada, Mormon Mesa, Nevada, and at Topock  Marsh, Arizona.  In 
27 2003 approximately 244 migrant willow flycatchers (all subspecies of Empidonax trailii) 
28 were detected between Parker Dam and the SIB.  Approximately 41 pairs of birds and 50 
29 nests were located at all life history sites in 2003.  Nest success was approximately  54% 
30 (SWCA 2003).  

31 Contrary to other southwestern willow flycatcher populations that are declining in the 
32 southwest, those along the LCR are steady and may be increasing.  A compilation of 
33 survey results from 1996–2001 indicates a slight increase in both native (lambda = 1.08) 
34 and saltcedar vegetation types (lambda  = 1.12) (McKernan and Braden 2002).  These 
35 estimations of the rates of population change are preliminary but suggest that neither 
36 vegetation type is a population sink and that population along the LCR is at least stable if 
37 not increasing (McKernan and Braden 2002). 

38 Current Threats to Species Survival 

39 Throughout its breeding range, the southwestern willow flycatcher is threatened primarily  
40 by habitat loss and degradation associated with urban and agricultural development, fire, 
41 water diversion and impoundment, channelization, livestock grazing, off-road vehicle and 
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1 other recreational uses, and hydrological changes resulting from these and other land 
2 uses.  High rates of cowbird parasitism are also considered to be a major threat to the 
3 flycatcher.  In addition, like many other neotropical migratory birds, the southwestern 
4 willow flycatcher may be threatened by the loss and alteration of habitat on its migratory  
5 route and wintering grounds (U.S. Fish and Wildlife Service 1995a, 2002b).  
6 Observations of physical deformities, including crossed bills and missing eyes, in 
7 conjunction  with the discovery of high levels of several toxic chemicals (e.g., lead, 
8 arsenic, selenium) in or near breeding sites in Arizona, New Mexico, and Colorado, 
9 suggest that environmental contamination may also be threatening this species (Paxton et 

10 al. 1997).  No deformities of this type have been seen along the LCR.  

11 Management Needs 

12 The most urgent management needs for the southwestern willow flycatcher are 
13 development of public and private partnerships focused on the protection of existing 
14 cottonwood-willow vegetation, initiation of large-scale cottonwood-willow revegetation 
15 efforts, and the continuation of willow flycatcher research and survey/monitoring 
16 programs.  McKernan and Braden (2002) identified specific needs for research, including 
17 intensifying efforts to document survival in order to improve the precision and accuracy  
18 of the calculated lambda values, and conduct studies to determine the effects of predators 
19 on flycatcher nest success.  Additional research needs include use of colorimetry to 
20 further identify subspecies during migration and determine if species on the lower part of 
21 LCR are truly migratory versus resident birds, continued winter habitat studies to 
22 determine migration patterns and habitat use on wintering grounds, and cowbird 
23 parasitism  studies to determine effectiveness of trapping.  

24 In addition, the following general management recommendations have been provided for 
25 southwestern willow flycatchers in the Final Recovery Plan (U.S. Fish and Wildlife 
26 Service 2002b):  (1) research, monitor, and survey  project to evaluate the success of 
27 measures designed to minimize or reduce project-related impacts; (2) control cowbird 
28 populations at sites where at least 20–30% of flycatcher nests have been parasitized for 2 
29 or more successive years; (3) attempt to prevent loss of flycatcher habitat; (4) if 
30 flycatcher habitat is to be lost or degraded, determine the amount of compensation habitat 
31 necessary to approach no net loss of project-specific habitat; (5) offset habitat loss or 
32 degradation from  agency actions with permanently protected habitat and adequate funds 
33 for management of permanent flycatcher protection; (6) do not use Federal lands that 
34 qualify for flycatcher protection to offset habitat loss or degradation on other Federal 
35 lands; and (7) identify lands for flycatcher protection using existing documents that 
36 evaluated the following rangewide conservation priorities: a) occupied, unprotected 
37 habitat; b) unoccupied, suitable habitat that is currently unprotected; and c) unprotected, 
38 potential habitat (U.S. Fish and Wildlife Service 2002b). 

39 Existing Management Actions 

40 A number of management actions are proposed or ongoing for the southwestern willow 
41 flycatcher.  For example, the Arizona Game  and Fish Department (AGFD) and 
42 Reclamation are currently  supporting the Colorado Plateau Field Station’s southwestern 
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1 willow flycatcher research program, an ongoing banding/demography study and 
2 molecular genetic analysis of the southwestern willow flycatcher at selected breeding 
3 sites in Arizona.  The information gained in this study will make it possible to model the 
4 population dynamics of the species, providing an  important tool for  regional and site-
5 specific conservation and management of the southwestern willow flycatcher (Paxton et 
6 al. 1997).  Reclamation is also implementing management actions for the flycatcher in 
7 response to several RPAs and Reasonable and Prudent Measures (RPMs) included in the 
8 Biological Conference Opinion on LCR Operations and Maintenance (Bureau of 
9 Reclamation 1998a) and other ongoing conservation actions.  Reclamation management 

10 actions include: 

11  providing habitat protection (including fire  management) (RPM 1, RPA 5, RPA 7; 
12 RPA 5 has been completed and implementation of RPA 7 is ongoing through 2005); 

13  surveying and monitoring flycatcher habitat along the LCR (RPM 2); 

14  acquiring flycatcher habitat (RPA 5, RPA 11; RPA 5 has been completed and 
15 implementation of RPA 11 is ongoing through 2005);  

16  reviewing and evaluating existing USFWS riparian restoration programs along the 
17 LCR to determine how these programs may be modified to maximize conservation 
18 for the flycatcher (RPA 6 has been completed); 

19  providing protective management for existing flycatcher breeding groups and suitable 
20 habitat along the LCR, including a cowbird trapping program, fencing, continued  
21 surveys, monitoring efforts, documentation of threats to the species, and fire 
22 protection (implementation of RPA 7 is ongoing through 2005); 

23  providing funding for surveys (five years), monitoring, and research on the flycatcher 
24 (implementation of RPA 8 is ongoing through 2005); 

25  identifying the extent of historical flycatcher habitat along the LCR and initiating 
26 projects to compensate for the loss of historical habitat, and participating in long-term  
27 habitat compensation efforts with the LCR MSCP (implementation of RPA 11 is  
28 ongoing through 2005); 

29  participating in the LCR MSCP process (implementation of RPA 12 is ongoing 
30 through 2005); 

31  providing the USFWS with an account of the discretionary action flexibility available 
32 to the Reclamation under existing legal and contractual obligations and identifying 
33 opportunities to increase that discretionary action flexibility in cooperation with other 
34 parties (RPA 13 has been completed); 

35  developing a long-term, large scale, ecological restoration program  for the LCR 
36 based on available information and studies conducted to support the program  
37 (implementation of RPA 14 is ongoing through 2005; a report on restoration 
38 opportunities has been provided to the USFWS, and Reclamation will continue to  
39 monitor the restoration demonstration areas through 2005) (U.S. Fish and Wildlife 
40 Service 1997, 2002a); 

41  a study has been initiated to determine the efficacy of cowbird trapping for willow 
42 flycatcher conservation (O&M BA/BO, 2002); and 
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1  monitoring of 372 acres of existing occupied Southwestern willow flycatcher and 
2 restoration and maintenance of an addition 372 acres (ISC BA/BO, 2001). 

3 The southwestern willow flycatcher is also a covered species under the Clark County  
4 Multi-Species Habitat Conservation Plan (MSHCP) (Regional Environmental 
5 Consultants 1998).  Existing and proposed conservation actions include general and 
6 ecosystem-level actions for desert riparian vegetation, including habitat protection, 
7 monitoring, restoration and enhancement, and acquisition from willing sellers.  The 
8 Bureau of Land Management (BLM) has responsibility for the following conservation 
9 measures, as identified in the Clark County MSHCP (Regional Environmental 

10 Consultants 1998):  cooperate with the Nevada Department of Wildlife (NDOW) and 
11 Clark County Implementation and Monitoring (I&M) Committee to implement surveys to 
12 determine the distribution, abundance, and potential threats to the southwestern willow 
13 flycatcher and other riparian-dependent species. 

14 The Resource Management Plan for the Lake Mead National Recreation Area (NRA) 
15 (National Park Service 1994) recommends conducting surveys of suitable habitat to 
16 document the presence or absence of flycatchers at Lake Mead.  These National Park 
17 Service (NPS) surveys will be coordinated with similar efforts in the Grand Canyon, at 
18 Glen Canyon, and elsewhere in the subspecies’  range.  Arizona Partners in Flight (Latta 
19 et al. 1999) and California Partners in Flight (Riparian Habitat Joint Venture 2000) 
20 conservation plans have designated the southwestern willow flycatcher as a priority 
21 species for riparian vegetation.  In addition to the specific management actions listed 
22 above, a wide variety  of habitat-based management actions are ongoing throughout the 
23 LCR basin.  Most of these actions are small-scale projects that focus on the 
24 restoration/enhancement of native riparian, riverine, and marsh areas.  Cumulatively, 
25 these actions have the potential to aid significantly in efforts to conserve the southwestern 
26 willow flycatcher. 

27 Recovery Goals 

28 The primary recovery goal for the southwestern willow flycatcher is delisting through 
29 recovery (U.S. Fish and Wildlife Service 2002b).  Delisting may be considered when 
30 criteria from  either of the following two sets are met.  These criteria will be reevaluated 
31 at five-year intervals and modified if warranted by new scientific information. 

32 Criteria Set A 
33 The objectives include:  

34  each management unit (Middle Colorado, Virgin, Hoover-Parker and Parker-
35 Southerly International Boundary [SIB])  within the Lower Colorado Recovery Unit 
36 must meet and hold 80% of its minimum population targets (25, 100, 50, 150 
37 respectively); 

38  the Lower Colorado Recovery Unit must meet its recovery  goal of a minimum of 
39 525 territories; and 

40  the rangewide goal must be  met with a minimum overall population size of at least 
41 1,950 territories (3,900 adults), geographically distributed to form  metapopulations  
42 that safeguard against extinction that must be maintained over a five-year period. 
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1 Criteria Set B 
2 The objectives include: 

3  each management unit must meet and hold at least 50% of its minimum population 
4 target; 

5  the Lower Colorado Recovery Unit must meet and hold at least 75% of its population 
6 goal; 

7  the rangewide goal must be  met with a minimum overall population size of at least 
8 1,500 territories (~3,000 adults) geographically  distributed to form metapopulations 
9 that safeguard against extinction that must be maintained over a five-year period; 

10  these habitats supporting flycatchers must be provided sufficient protection over time 
11 through the development and implementation of conservation management 
12 agreements; 

13  these management agreements must minimize  major stressors to the flycatcher and its 
14 habitat, ensure that natural ecological and anthropogenic processes develop and 
15 maintain suitable habitat, and the amount of suitable habitat available within each 
16 Management Unit is at least double the amount required to support their minimum  
17 population targets; and  

18  the USFWS must be satisfied that those agreements provide adequate protection 
19 and/or enhancement of habitat. 

20 I.1.1.3 Desert Tortoise (Gopherus agassizii) 

21 Legal Status 

22 The Mojave population of desert tortoise is listed as threatened under the ESA and CESA 
23 and critical habitat has been designated.  It is also Nevada State Threatened.  The 
24 Sonoran population is a Federal species of concern. 

25 Other Status 

26 The Mojave population of desert tortoise is also: 

27  a G4T4 (global rank) and an S2 (state rank) in the Arizona Heritage Data 
28 Management System, 

29  a wildlife species of concern in Arizona, and 

30  a G4T4 (global rank) and an S2 (state rank) in the CNDDB. 

31 The Sonoran population of desert tortoise also: 

32  a G4T4 (global rank) and an S4 (state rank) in the Arizona Heritage Data 
33 Management System. 
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1 Species Distribution 

2 The range of the desert tortoise includes the Mojave, Sonoran, and eastern Colorado 
3 Deserts in Arizona, California, Nevada, southwestern Utah, and northern Sinaloa,  
4 Mexico.  In the LCR MSCP planning area, the species occurs in northwestern Arizona, 
5 California, and Nevada.  The Mojave population of desert tortoise, which is Federally  
6 threatened, includes individuals north and west of the Colorado River. 

7 Habitat Requirements and Special Considerations 

8 The desert tortoise occurs on arid lands, typically in association with creosote bush scrub.  
9 Preferred habitat includes scattered shrubs and a sufficient herbaceous understory layer to 

10 provide food and water needs.  The desert tortoise occurs most often on flats and bajadas 
11 characterized by sandy to sandy-gravelly soils, but it also occurs on slopes and in rocky  
12 soils.  Tortoises can construct burrows on flats or burrow into hillsides, the sides of 
13 gullies, or other steep surfaces.  Limiting factors appear to be soil in which it can build 
14 and maintain burrows and a sufficient food source (U.S. Fish and Wildlife Service 
15 1994a). 

16 Regionally Significant Populations in the LCR MSCP   
17 Planning Area 

18 Desert tortoise populations occur throughout many of  the upland vegetation communities 
19 that are adjacent to the LCR MSCP planning area.  On the northern and western borders 
20 of the LCR MSCP planning area, critical habitat was designated for this species and has 
21 been included in the species recovery plan as the Northeastern Mojave and Eastern 
22 Mojave Recovery Units.  Critical habitat designations were based, in part, on population 
23 density, connectivity to other populations, and/or geographical separation (U.S. Fish and 
24 Wildlife Service 1994a). 

25 Population Status and Reasons for Decline 

26 Population trends of breeding adults have varied regionally in the last 10 years.  West of 
27 the Colorado River, in the eastern Colorado Desert, declines in density  of as much as  
28 30–60% have been observed in permanent study  plots.  Declines have been mainly 
29 attributed to habitat destruction, fragmentation, and alteration by human activities.  
30 Increased predation and disease have also been identified as factors in the species’  
31 decline (U.S. Fish and Wildlife Service 1994a). 

32 Current Threats to Species Survival 

33 Habitat has been lost to urbanization, mining, agricultural development, livestock 
34 grazing, and road building.  Tortoises are also directly  killed by off-highway vehicle 
35 activity, highway traffic (U.S. Fish and Wildlife Service 1994a), or predation by domestic 
36 animals.  Placement of power lines and other structures used as hunting perches, as well 
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1 as subsidized food supplies from landfills and urban development, may benefit native 
2 predators, such as ravens and coyotes, and result in increased tortoise predation in some  
3 areas (Causey and Cude 1978; U.S. Fish and Wildlife Service 1994a).  An upper 
4 respiratory tract disease (URDS) has been a major cause of mortality in some  
5 populations, especially in the western Mojave Desert (U.S. Fish and Wildlife Service 
6 1994a).  The spread of URDS has been linked to the movement and release of infected 
7 wild or captive desert tortoises (Jacobson et al. 1994). 

8 Management Needs 

9 The recovery  plan for the Mojave population of desert tortoise lists a number of specific 
10 management needs to ensure recovery of this species (U.S. Fish and Wildlife Service 
11 1994a).  These include: 

12  development and implementation of a recovery  unit management plan, including  
13 establishment of one large Desert Wildlife Management Area (DWMA) or a series of 
14 smaller, interconnected DWMAs that, in total, cover an equivalent area; 

15  public education regarding the status of desert tortoise and its regulation within the 
16 DWMAs; and 

17  research activities necessary to monitor and guide the recovery effort for this species. 

18 Existing Management Actions 

19 The Arizona Interagency  Desert Tortoise Team is addressing the conservation needs of 
20 the Sonoran population by  developing a comprehensive management plan for populations 
21 within Arizona.  The plan is expected to take into account management factors such as 
22 collecting pressure from the pet trade, poaching, habitat destruction, and population 
23 fragmentation (Arizona Game  and Fish Department 1997b). 

24 The Mojave population of desert tortoise is a covered species under the Clark County 
25 MSHCP (Regional Environmental Consultants 1998).  Under the MSHCP, the BLM has 
26 responsibility for the following general and ecosystem-level conservation measures: 

27  limiting motorized vehicles in Wilderness Study Areas to existing roads and trails as 
28 listed in inventory maps, or as otherwise authorized, and closing unauthorized roads 
29 in Wilderness Study Areas; 

30  requiring the use of a resource advisor for all fires within important habitats for 
31 covered and evaluation species; and 

32  providing adequate law enforcement presence to ensure that management actions and 
33 restrictions are implemented for the conservation of Clark County  MSHCP covered 
34 species. 

35 NPS has responsibility for the following general and ecosystem-level conservation 
36 measures as identified in the Clark County MSHCP (Regional Environmental 
37 Consultants 1998): 
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1  managing burro populations under the burro management plan to ensure resources 
2 are protected consistent with NPS policies; 

3  ensuring long-term implementation of existing management policies and actions 
4 benefiting Clark County  MSHCP covered species through amendment of the Lake 
5 Mead NRA General Management Plan; 

6  including Clark County MSHCP covered species as sensitive species in evaluations 
7 of road construction or maintenance activities on Federal lands; 

8  prohibiting commercial off-highway vehicle tours and events in intensively managed 
9 areas and less intensively  managed areas; and 

10  conducting NEPA review and analysis prior to the development of areas for intense 
11 recreational activity.  

12 The USFWS has responsibility for the following general and ecosystem-level 
13 conservation measures as identified in the Clark County MSHCP (Regional 
14 Environmental Consultants 1998): 

15  prohibiting horses, burros, and livestock grazing on the Desert National Wildlife 
16 Range (DNWR); 

17  prohibiting highway and road construction on the DNWR; 

18  conducting biological surveys prior to road maintenance and retrofit activities in the 
19 DNWR; and 

20  ensuring that adequate law enforcement and ranger patrolling is implemented in the 
21 DNWR. 

22 It should be noted that none of the measures above are specific to the desert tortoise, so 
23 they may or may not result indirect or direct benefits to the species. 

24 The Resource Management Plan for the Lake Mead NRA (National Park Service 1994) 
25 recommends that surveys be conducted to identify  known and potential desert tortoise 
26 habitat and to determine the distribution and density of desert tortoises in the recreation 
27 area.  Field surveys would provide basic inventory and biological information that are 
28 required for adequate protection under the ESA.  Preliminary surveys would provide 
29 information on management needs and would guide additional research efforts.  
30 Additional NPS programs at Lake Mead NRA that would benefit desert tortoises include 
31 the augmentation of mitigation funding for desert tortoise management and research and 
32 the implementation of a relocation study (National Park Service 1994). 

33 Recovery Goals 

34 The primary recovery goal for the Mojave population of desert tortoise is delisting 
35 through recovery (U.S. Fish and Wildlife Service 1994a).  Delisting of a recovery unit 
36 population may be considered when the following criteria are met: 
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1  the population within a recovery unit must exhibit a statistically significant upward 
2 trend or remain stationary for at least 25 years (one desert tortoise generation), as 
3 determined by a scientifically credible monitoring plan; 

4  enough habitat must be protected within a recovery  unit, or the habitat and desert 
5 tortoise populations must be  managed intensively enough to insure long-term  
6 viability;  

7  provisions must be made for population management within each recovery unit so 
8 that discrete population growth rates (lambdas) are maintained at or above 1.0; 

9  regulatory mechanisms or land management commitments must be implemented that 
10 provide for long-term protection of desert tortoises and their habitat; and 

11  the population in the recovery unit is unlikely to need protection under the ESA in the 
12 foreseeable future. 

13 I.1.1.4 Bonytail (Gila elegans) 

14 Legal Status 

15 Bonytail is listed as endangered under the ESA and CESA and is Nevada State 
16 Endangered.  Critical habitat has been designated within the LCR MSCP planning area, 
17 including Hoover Dam to Davis Dam (including Lake Mohave) and the northern 
18 boundary of the Havasu NWR to Parker Dam (including Lake Havasu). 

19 Other Status 

20 Bonytail is also: 

21  a G1 (global rank) and an S1 (state rank) in the in the Arizona Natural Heritage 
22 Program Database, 

23  a wildlife species of concern in Arizona, 

24  a G1 (global rank) and an S1 (state rank) in the CNDDB, and 

25  a G1 (global rank) and an S1 (state rank) in the Nevada Natural Heritage Program. 

26 Species Distribution and Regionally Significant Populations in 
27 the LCR MSCP Planning Area  

28 The bonytail is similar in appearance to other members of the Gila complex that occur in 
29 the Colorado River Basin.  Positive identification in the field is difficult, and some 
30 information regarding historical distribution may be inaccurate (U.S. Fish and Wildlife 
31 Service 1997).  Historically, the bonytail is thought to have occurred in most of the 
32 Colorado River Basin from Wyoming to the Gulf of California.  Included in this 
33 historical range are the mainstem Colorado River, Upper Basin tributaries (i.e., Yampa, 
34 Gunnison, San Juan, and Green Rivers), and Lower Basin tributaries (i.e., Salt, Gila, and 
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1 Verde Rivers).  Only 40 bonytail have been captured in the Upper Basin since 1975, and 
2 most were captured from the Green River in Utah and the Yampa River in Colorado 
3 (Tyus and Karp 1991). 

4 The bonytail has been extirpated from almost all riverine areas of the LCR and its Lower 
5 Basin tributaries.  Currently, remaining wild adult assemblages of the bonytail in the 
6 LCR MSCP planning area are known to exist in Lake Mohave, and there are reports that 
7 a few wild adults may still be present in Lake Havasu.  Bonytail also use the riverine 
8 reach between Lake Havasu and Davis Dam.  As of 2003, The USFWS has stocked 
9 31,000 bonytail into Lake Mohave and the Lake Havasu Fisheries Improvement Program  

10 has stocked 23,000 bonytail into Lake Havasu, and, as of 2000, 4,500 bonytail have been 
11 stocked in the LCR below Parker Dam.   Results of sampling in Lake Mohave since the 
12 early 1980s indicate that bonytail abundance has consistently  been low (Bozek et al. 
13 1984) and is a result of the mortality of older fish.  The adult assemblages have survived 
14 because of longevity; adults are known to reach 49 years of age (Minckley 1985).  The 
15 adult assemblages in both impoundments are currently being augmented with fish reared 
16 in hatcheries or other predator-free environments.  There are no known self-sustaining 
17 populations of bonytail, although younger adults were found in Lake Mohave in the 
18 1990s (U.S. Fish and Wildlife Service 2002c). 

19 Habitat Requirements and Special Considerations 

20 Very little is known about the bonytail life history and habitat requirements because of 
21 the scarcity of this species in natural environments.  Pacey and Marsh (1998) report that 
22 adult bonytail in rivers prefer habitats that are similar to those used by humpback chub.  
23 However, the assumption does not seem  appropriate.  Humpback chub do not appear to 
24 have been common in the LCR system and likely have somewhat more restrictive habitat 
25 requirements than bonytail.  Bonytail, prior to major introductions of nonnative species 
26 and closure of Hoover Dam,  was historically the most abundant fish species in the main 
27 river channels of the entire Colorado River system.  Preferred habitats for bonytail 
28 include “modest mid-channel currents of sandy, valley, and flat water reaches (Pacey and 
29 Marsh 1998).”  Vanicek (1967) found that bonytail adults in Upper Basin riverine 
30 environments occupy pools and eddies away from strong currents.  Bonytail were 
31 probably found in river channel types where water was 3–4 feet deep, had moderate and 
32 relative constant water current velocities, and had a substrate composed mainly  of gravel, 
33 sand, and silt. 

34 In the Lower Basin, bonytail populations are limited to artificial impoundments, 
35 including ponds and reservoirs.  In reservoirs, bonytail are mostly pelagic, except during 
36 spawning events when they move to shallow rocky areas (Pacey and Marsh 1998).  
37 Within reservoirs, bonytail reputedly occur in lacustrine environments rather than 
38 riverine environments.  Bonytail spawning has never been observed in a riverine  
39 environment, but collections of ripe fish from  Dinosaur National Monument indicate 
40 spawning occurred during late June and early July in the Upper Basin. 

41 Under controlled conditions in hatcheries, optimum temperatures for reproduction range 
42 from 20 to 21ºC.  Vanicek and Kramer (1969) determined that spawning occurred when 
43 temperatures  reached 18ºC (mid-June to early  July) in the Green River, and Marsh (1985) 
44 documented that hatching success was greatest in water temperature ranging from 15 to 
45 20ºC.  Bulkley et al. (1981) estimated the final thermal preferendum (i.e., optimum  
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1 temperature for most physiological functions) of bonytail during their first year of life 
2 (25–50 mm) to be 24.2ºC. 

3 Pimentel and Bulkley (1983) found that juvenile bonytail preferred concentrations of 
4 total dissolved solids (TDS) that range from 4,100 to 4,700 milligrams per liter (mg/L) 
5 and avoided concentrations less than 560 mg/L or greater than 6,600 mg/L.  Preference 
6 for high TDS concentrations may decrease as  fish get larger, and it may also suggest a 
7 habitat preference for warm, shallow backwaters where TDS concentrations are higher as 
8 a result of evaporation losses (Pimentel and Bulkley  1983).  Bonytail preference for high  
9 TDS concentrations may be a strategy to  avoid predation by Colorado pikeminnow 

10 (Pimentel and Bulkley 1983). 

11 Native Colorado River fishes may be at an advantage in swift and sometimes turbulent 
12 waters (Minckley 1973).  Berry and Pimentel (1985) calculated swimming velocity for 
13 bonytail at three different velocities that ranged from  43 centimeters per second (cm/s) to 
14 63 cm/s.  These estimates represent sudden velocity increases that might be encountered 
15 by a fish entering a culvert or fish ladder (Berry and Pimentel 1985).  Thus, 
16 recommended approach and screen-face velocities at intakes of about 15 cm/s do not 
17 exceed the swimming velocity that juvenile bonytail can maintain to avoid entrainment 
18 (Berry and Pimentel 1985).  

19 Bonytail larger than 7.9 inches collected from the Green River had consumed terrestrial 
20 insects, plant debris, and filamentous algae (Vanicek and Kramer 1969).  Pacey and 
21 Marsh (1998) suggest that the diet of bonytail includes aquatic insects and detritus.  
22 Small fish are also consumed. 

23 Population Status, Reasons for Decline, and Current Threats to 
24 Species Survival 

25 Interactions between bonytail and introduced nonnative species have been recognized as 
26 one of the major factors contributing to the decline of this species (U.S. Fish and Wildlife 
27 Service 1990a, Pacey and Marsh 1998).  Bonytail have repeatedly exhibited successful 
28 spawning and recruitment in predator-free environments and, historically, maintained 
29 strong populations that coexisted with other native fish (Pacey and Marsh 1998).  Jonez 
30 and Sumner (1954) observed common carp in the spawning area and indicate that these 
31 carp probably consumed most of the eggs.  Johnson (1997) provides evidence that young 
32 bonytail have a poor sense of predator avoidance behavior that does not improve with 
33 age.  Channel catfish, largemouth bass, and other centrarchids, shad, and shiners probably  
34 feed on larvae or young juveniles.  Predation by  nonnative fish is devastating to bonytail 
35 during early life stages, and competition may negatively affect adults.  Only the larger 
36 sized subadults have been able to survive when stocked into environments containing 
37 nonnative predators. 

38 Another contributor to the decline of bonytail populations is the impact of water resource 
39 development.  The construction of dams has altered flow, temperature, cover, substrate, 
40 and other environmental conditions defining bonytail habitat.  The dams themselves act 
41 as barriers to migration, population expansion, and larval drift.  The unnatural (but often 
42 more stable) environmental conditions that are created by impoundments are often more 
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1 conducive to introduced fish species.  It is likely  that interactions with nonnative fish and 
2 water resource management have worked synergistically to reduce bonytail populations. 

3 The unnatural flow and temperature regimes resulting from impoundments have been 
4 credited with disrupting normal biological functions of native fish in the Upper Basin.  
5 Vanicek and Kramer (1969) found that the effects of Flaming Gorge Dam inhibit the 
6 spawning of native fish for more than 96 kilometers (km) (60 miles) downstream.   
7 Reduced spring flows and increased flows from  summer to winter result in a change of 
8 flow patterns, sediment loads, and water temperature (Muth et al. 2000 cited in  U.S. Fish 
9 and Wildlife Service 2002c).  Growth rate of roundtail chub was also reportedly  reduced.  

10 The change in flow and temperature regimes may also be responsible for interfering with 
11 factors governing reproductive isolation.  Bonytail have the ability  to hybridize with 
12 other members of the genus  Gila.  Collection and identification of hybrids in the Upper 
13 Basin suggest that the effects of water resource development may be increasing the 
14 occurrence of hybridization.  Currently, bonytail in the Lower Basin are not found in 
15 riverine areas outside the LCR and have little or no exposure to other members of the 
16 genus Gila.  However, if populations become established in other riverine portions of the 
17 Lower Basin, the previously discussed threats and limiting factors will apply to these 
18 populations.  The only  direct threats from  water resource development in the Lower 
19 Basin at this time are habitat loss from reservoir fluctuations and entrainment at 
20 hydropower facilities. 

21 Management Needs and Recovery Goals 

22 The immediate recovery goal for this species is to prevent its extinction.  Quantifiable 
23 recovery goals for downlisting and delisting were developed by the USFWS (U.S. Fish 
24 and Wildlife Service 2002c). 

25 The recovery  goals for the bonytail relevant to the LCR require the establishment and 
26 maintenance of a genetic refugium and two self-sustaining populations.  Population 
27 augmentation provides a short-term solution to the problem of declining populations 
28 (U.S. Fish and Wildlife Service 1997).  Eventually, off-channel areas should be reclaimed 
29 and stocked with bonytail and other native species.  These areas should be secured from  
30 invasion of nonnative fish.  Bonytail from these off-channel areas or hatcheries that attain 
31 a total length of 10 inches or more can be used to augment populations that coexist with 
32 nonnative predators. 

33 Several management actions are ongoing for the bonytail.  The USFWS is committed to 
34 stocking 125,000 subadult (10 inches) bonytail into Lake Mohave as part of mitigation 
35 for rainbow trout stocking.  The HAVFISH program in Lake Havasu is working toward 
36 its goal of stocking 30,000 subadults (12 inches) into the lake.  These larger fish are 
37 believed to have a better chance of survival.  Stocking for these programs will continue 
38 over the next several years.  The existing broodstock contains relatively low amounts of 
39 genetic variation (Hedrick 1997).  At this  time, all wild bonytail captured from Lake 
40 Mohave are being considered for inclusion into the broodstock.  Reclamation is also 
41 implementing management actions for the bonytail in response to several RPAs and 
42 RPMs included in the Biological Conference Opinion on LCR Operations and 
43 Maintenance (U.S. Fish and Wildlife Service 1997) and other ongoing conservation 
44 actions.  Reclamation management actions include: 
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1  augmenting existing populations of bonytail and developing and expanding rearing 
2 facilities (the implementation of RPA 1 is ongoing through 2005); 

3  reviewing and evaluating all restoration programs along the LCR to ensure that they 
4 maximize conservation for bonytail, to the degree feasible (RPA 2 is completed); 

5  identifying sites and designing and building impoundments for native fish habitats 
6 (implementation of RPA 3 is ongoing through 2005; the provision has been modified 
7 to require that at least one half of the impoundments have native fish in place by 
8 April 30, 2004, and the remaining impoundments have native fish by April 30, 2005); 

9  funding research on habitat use and preferences for native and nonnative fishes in the 
10 LCR with the goal of reducing detrimental conflicts (implementation of RPA 4 is  
11 ongoing through 2005); 

12  reintroducing protected populations of the bonytail to the LCR and Lake Mead 
13 (implementation of RPA 9 is ongoing through 2005; support for bonytail 
14 reintroduction will be provided if requested by the USFWS); 

15  participating in the LCR MSCP process (implementation of RPA 12 is ongoing 
16 through 2005); 

17  providing the USFWS with an account of the discretionary action flexibility available 
18 to Reclamation under existing legal and contractual obligations, and identifying  
19 opportunities to increase that discretionary action flexibility in cooperation with other 
20 parties (RPA 13 has been completed); 

21  implementing a long-term, large-scale, ecological restoration program for the LCR 
22 (implementation of RPA 14 is ongoing  through 2005; the report on restoration 
23 opportunities has been provided to the USFWS, and Reclamation will continue to  
24 monitor restoration demonstration areas through 2005); 

25  assessing and reducing the potential stranding of eggs, larvae, or individual fish 
26 (RPM 1 has been completed); 

27  assessing and reducing the potential of bonytail passing through the hydroelectric 
28 dams and being lost to the system because of entrainment (RPMs 2 and 3 have been 
29 completed) (U.S. Fish and Wildlife Service 2002a). 

30 Reclamation is also working with the Native Fish Work Group on rearing and releasing 
31 the bonytail in association with the Lake Mohave razorback sucker program (Bureau of 
32 Reclamation 1996a).  Other Reclamation activities include developing lake rearing coves, 
33 enhancing backwater-rearing areas, and determining the long-term  ecology of backwaters 
34 in relation to habitat restoration (Bureau of Reclamation 1996a).  The Resource 
35 Management Plan for the Lake Mead NRA (National Park Service 1994) has funded 
36 interagency  monitoring and continues to work with an interagency group on rearing 
37 bonytail in backwater areas. 
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1 I.1.1.5  Humpback Chub (Gila cypha) 

2 Legal Status 

3 Humpback chub is listed as endangered under the ESA.  Critical habitat has been 
4 designated but none is within the LCR MSCP planning area. 

5 Other Status 

6 Humpback chub is also: 

7  a G1 (global rank) and an S1 (state rank) in the Arizona Natural Heritage Program 

8  a wildlife species of special concern in Arizona, and 

9  a U.S. Forest Service (USFS) sensitive species. 

10 Species Distribution and Regionally Significant Populations in 
11 the LCR MSCP Planning Area  

12 Historically, humpback chub populations existed in the Little Colorado, Green, Yampa, 
13 White, and mainstem Colorado Rivers.  The species was first described in 1946, and 
14 exact historical distributions within the Colorado River Basin cannot be confirmed.  They  
15 currently  do not occur in the LCR MSCP planning area downstream of Hoover Dam.   
16 However, humpback chub may use the area of the lower Grand Canyon within  the full-
17 pool elevation of Lake Mead.  Records are limited, but the species may have occurred in 
18 the lower Grand Canyon historically. 

19 Distribution of the humpback chub is limited by its relatively narrow habitat requirements 
20 (Archer et al. 1985).  Populations in the Upper Basin occur in canyon reaches of the 
21 mainstem Colorado, Green, and Yampa Rivers (Tyus et al. 1982).   In the Lower Basin, 
22 the species is present in the Marble and Grand Canyons of the Colorado River, and in the 
23 Little Colorado River for 13 km (8 miles) upstream  from the river’s mouth (Kaeding and 
24 Zimmerman 1983; Maddux et al. 1987).  Valdez and Ryel (1995) identified 10 
25 aggregations of humpback chub in the Grand Canyon, mostly near tributary inflows.  The 
26 30-mile aggregation is suspected to successfully spawn in a warm spring at river mile 
27 (RM) 30.0 (Valdez and Ryel 1995). 

28 Currently, population numbers in the upper Colorado River and LCR Basins are low.  In 
29 the Upper Basin, concentrations of humpback chub are highest in the Black Rocks and 
30 Westwater Canyon reaches of the mainstem Colorado River (Wick et al. 1981; Valdez 
31 and Clemmer 1982; Archer et al. 1985).  In the Lower Basin, Douglas and Marsh (1996a) 
32 estimate a population size of 4,508 humpback chub for the Little Colorado River in 
33 Arizona. 
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1 Habitat Requirements and Special Considerations 

2 Adult humpback chub are long-lived, with life spans of more than 20 years (Minckley 
3 1991).  They  use swift, deep, canyon stretches of river (Valdez and Clemmer 1982; 
4 Archer et al. 1985).  Within the Lower Basin canyon reaches, adults occupy main channel 
5 eddies, and subadults are near shore (Valdez and Ryel 1995 ).  Converse et al. (1998) 
6 report that the highest densities of subadult humpback chub in the Grand Canyon occur 
7 along vegetated shorelines.  Kaeding and  Zimmerman (1983) found this species in 
8 association with large travertine dams in the Little Colorado River.  Maddux et al. (1987)  
9 captured young-of-the-year humpback chub in sandy  runs and backwaters of the Little 

10 Colorado River.  Valdez and Ryel (1995) found that subadult and adult humpback chub 
11 demonstrate diel depth preferences, using deeper water during the day and shallower 
12 water at night. 

13 Humpback chub are omnivorous (Valdez and Carothers 1998).  Juvenile humpback chub 
14 forage near the substrate, feeding on benthic insect larvae and organic detritus (Carothers 
15 and Minckley 1981).  Midge larvae, biting midge larvae, fly  larvae, and planktonic 
16 crustaceans were found in the stomach contents of a juvenile humpback chub collected 
17 during the winter (Carothers and Minckley 1981).  Adult humpback chub have been 
18 observed feeding on  Cladophora and organic debris (Carothers and Minckley 1981).  
19 Valdez and Ryel (1995) found that adult  humpback chub from the Little Colorado River 
20 and Middle Granite Gorge consumed primarily  Gammarus sp. (freshwater amphipod), 
21 Simuliids (black flies), and terrestrial invertebrates.  They concluded that food was not a 
22 limiting factor for juvenile and adult humpback chub. 

23 Although humpback chub are generally considered nonmigratory, migrations to spawning 
24 areas may occur from the main river to tributary streams, including the Little Colorado 
25 River (Kaeding and Zimmerman 1983).  The abundance and persistence of the humpback 
26 chub in the Grand Canyon reach of the Colorado River may be linked to the use of the 
27 Little Colorado River for spawning and nursery  habitat (Carothers and Minckley 1981). 

28 In the Grand Canyon, humpback chub larvae are found almost exclusively in the warmer 
29 waters of the Little Colorado River (Carothers and Minckley 1981; Maddux et al. 1987).  
30 Humpback chub reproductive timing is variable; ripe fish have been collected from  April 
31 to July and at water temperatures of 11.5–23ºC.  Under laboratory conditions, however, 
32 egg hatching success is greatest at 20ºC (Marsh 1985).  Bulkley et al. (1981) estimate a 
33 final thermal preferendum of 24ºC for humpback chub during their first year of life (80– 
34 120 mm). 

35 Population Status, Reasons for Decline, and Current Threats to 
36 Species Survival 

37 Spatial distribution of humpback chub in the Colorado River Basin is limited by the 
38 species’ affinity for and distribution of swift, deep canyon stretches of river within the 
39 system (Valdez and Clemmer 1982; Archer et al. 1985).  A primary factor causing the 
40 decline of humpback chub populations is  the alteration of the natural flow and 
41 temperature regime of the Colorado River and its tributaries (Kaeding and Zimmerman 
42 1983; U.S. Fish and Wildlife Service 1990b).  The Colorado River exhibits diurnal and 
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1 seasonal flow fluctuations in response to variable hydroelectric demands.  The diurnal 
2 fluctuations in stage approach 5 feet, in contrast to daily flow changes of less than a foot 
3 prior to impoundment.  The temporal stability  of inshore, shallow water, backwater, and 
4 low-water environments used by native fish for resting, feeding, spawning, and nursery  
5 areas is greatly decreased by existing fluctuating flows (Maddux et al. 1987). 

6 Cooler temperature of the Colorado River is strongly  implicated as a primary cause of 
7 population decline.  Egg hatching success of humpback chub is highly temperature 
8 dependent, with the highest success occurring at a water temperature of about 20ºC and 
9 very low success at temperatures below 15ºC (Hamman 1982; Marsh 1985).  Water 

10 released by Glen Canyon Dam from Lake Powell is cold, with temperatures ranging from  
11 6–12ºC (Maddux et al. 1987).  The low temperature of this discharged water drastically  
12 reduces the reproductive success of humpback chub in the mainstem  Colorado River 
13 below Lake Powell.  If successful spawning occurred in the mainstem  Colorado River, 
14 humpback chub would still be imperiled by the daily fluctuations in discharge below 
15 Glen Canyon  Dam, which can dry backwaters used by  young-of-the-year humpback 
16 chub. 

17 Interactions with the many introduced nonnative species continue to threaten the 
18 existence of humpback chub.  Nonnative species tend to be highly competitive and 
19 productive generalists.  Habitat and dietary  overlap exists between humpback chub and  
20 many nonnative species.  In the Upper Basin, common carp (Behnke and Benson 1983; 
21 Valdez 1990), green sunfish, largemouth bass, redside shiner (Joseph et al. 1977), red 
22 shiner (Joseph et al. 1977; Valdez 1990), and channel catfish (Joseph et al. 1977; Behnke 
23 and Benson 1983; Valdez 1990) use habitats with similar environmental conditions as 
24 humpback chub.  Valdez and Ryel (1995) found habitat and dietary overlap between 
25 rainbow trout and humpback chub in the Grand Canyon.  Spawning and egg hatching 
26 temperatures are similar for humpback chub and common carp, fathead minnows, and 
27 channel catfish (Valdez and Carothers 1998).  Nonnative fish spawning sympatrically  
28 (i.e., in the same area) may displace humpback chub or reduce success.  Some species are 
29 also predators on humpback chub.  Predation by channel catfish, brown trout, rainbow 
30 trout, and black bullhead on humpback chub has been documented (Valdez and Ryel 
31 1995). 

32 Nonnative fishes may have introduced two parasites into the Grand Canyon:  Lernia 
33 cyprinacea and the Asian tapeworm.  Asian tapeworm can be lethal, although mortality  
34 directly caused by the tapeworm has not been documented for humpback chub.  In the 
35 mainstem Colorado River, Valdez and Ryel (1995) reported that 3.6% of adult chub were 
36 infected, whereas 22.5% of juvenile chub had the parasite (Arizona Game and Fish 
37 Department 1996a).  Clarkson et al. (1997) found Asian tapeworms in 25.5% of juveniles 
38 and 51.3% of adults in the Little Colorado River.  L. cyprinacea was found on less than 
39 1% of the mainstem humpback chub during 1990–1993 (Valdez and Ryel 1995). 

40 Hybridization with other Gila species is a possible threat to the survival of humpback 
41 chub.  Currently, roundtail chub and bonytail are extirpated from areas with extant 
42 populations of humpback chub.  Although the three species do not currently coexist, the 
43 possibility exists for reintroduction of both roundtail chub and bonytail into areas 
44 containing humpback chub.  Because the three species are so closely related, 
45 hybridization could easily  occur if the reproductive mechanisms isolating these species 
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1 are disrupted.  Hamman (1981) found artificially fertilized hybrid eggs of Gila species to 
2 be viable. 

3 Management Needs and Recovery Goals 

4 The immediate recovery goal for this species is to maintain the existing populations.  
5 Quantifiable recovery goals for downlisting and delisting were developed by the USFWS 
6 (U.S. Fish and Wildlife Service 2002d).  

7  The recovery  goals for the humpback chub relevant to the LCR require the 
8 maintenance of the existing self-sustaining population and establishment of a second 
9 self-sustaining population.  The recovery plan for the humpback chub lists the 

10 following specific management needs to ensure recovery of this species (U.S. Fish 
11 and Wildlife Service 2002d); 

12  resolve taxonomic problems in Colorado River Basin and Gila River; 

13  identify and define humpback chub populations; 

14  implement monitoring programs to determine the status and trends of humpback chub 
15 populations; 

16  investigate the life history and ecological requirements of the humpback chub; 

17  protect humpback chub populations and their habitats; 

18  assess potential reintroduction or augmentation sites and implement stocking when  
19 deemed necessary and feasible; 

20  promote and encourage improved communication and information dissemination 
21 regarding the humpback chub; and 

22  determine biological criteria/objectives for downlisting/delisting the humpback chub” 
23 (U.S. Fish and Wildlife Service 2002d).  

24 Since 1986, a variety  of agencies have conducted yearly monitoring of humpback chub 
25 populations in the Little Colorado River and in the Colorado River below Glen Canyon 
26 Dam.  The Grand Canyon Monitoring and Research Center (GCMRC) (1998) has funded 
27 monitoring and research activities for this species as part of its Biological Resources 
28 Program.  The objective of this program is to provide the knowledge base required to 
29 implement ecosystem  management strategies within an adaptive management framework. 

30 I.1.1.6 Razorback Sucker (Xyrauchen texanus) 

31 Legal Status 

32 The razorback sucker is listed as endangered under the ESA and CESA and is Nevada 
33 State Endangered.  Critical habitat has been designated for the razorback sucker and, 
34 within the LCR MSCP planning area, includes Lake Mead to its full-pool elevation; the 
35 river between Hoover Dam and Davis Dam, including Lake Mohave to its full-pool 
36 elevation; and the river and 100-year floodplain between Parker Dam  and Imperial Dam. 
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1 Other Status 

2 The razorback sucker is also: 

3  a G1 (global rank) and S1 (state rank) under the Arizona Natural Heritage Program, 

4  a wildlife species of special concern in Arizona, 

5  a G1 (global rank) and S1 (state rank) under the CNDDB, 

6  a G1 (global rank) and S1 (state rank) Nevada Natural Heritage Program, and 

7  a USFS sensitive species. 

8 Species Distribution and Regionally Significant Populations in 
9 the LCR MSCP Planning Area  

10 Historically, the razorback sucker inhabited the Colorado River and its tributaries from  
11 Wyoming to the Gulf of California.  Razorback suckers were found in the Gila, Salt, and 
12 Verde Rivers, which are tributaries of the LCR.  Upper Basin tributaries containing 
13 populations of razorback suckers included the Gunnison River upstream to Delta, 
14 Colorado; the Green River from its confluence with the Colorado River upstream to the 
15 town of Green River, Wyoming (Vanicek et al. 1970); the Duchesne River (Tyus 1987); 
16 the lower White River near Ouray, Utah (Sigler and Miller 1963); the Little Snake River 
17 and lower Yampa River, Colorado (McAda and Wydoski 1980); and the San Juan River, 
18 New Mexico.  

19 The current distribution of razorback suckers in the upper Colorado River Basin is 
20 confined to small groups of fish in several widely distributed locations.  Most fish occur 
21 in the lower 4 miles of the Yampa River and the Green River from  the mouth of the 
22 Yampa River downstream  to the confluence with the Duchesne River (U.S. Fish and 
23 Wildlife Service 1998).  Small populations may also occur in the Colorado River at 
24 Grand Valley and in the San Juan River upstream from Lake Powell. 

25 Most razorback suckers in the LCR MSCP planning area are currently restricted to Lake 
26 Mohave, with smaller populations occurring in the Colorado River below Davis Dam,  
27 Lake Mead, and Senator Wash Reservoir (Bradford and Vlach 1995).  They also occur in 
28 Lake Havasu.  Razorback suckers have also been captured sporadically from the 
29 mainstem Colorado River, impoundments, and canals (Marsh and Minckley 1989).  
30 Valdez and Carothers (1998) indicate that a small population also exists in the Grand 
31 Canyon section of the Colorado River. 

32 The largest extant population of razorback suckers in the Lower Basin occurs in Lake 
33 Mohave; however, this population is declining rapidly.  The Lake Mohave population 
34 was estimated to contain 60,000 individuals in 1988 (Minckley et al. 1991), but, by 1995,  
35 only  25,000 razorback suckers were thought to exist there (Marsh 1995).  Razorback 
36 sucker spawning has been successful and larval fish have been observed, with more than 
37 20,000 wild razorback sucker larvae collected in 1995 from Lake Mohave (Bureau of 
38 Reclamation 1996b).  However, virtually no juvenile and adult recruitment has been 
39 detected.  Combined data from 1990 to 1997 suggest that the total population of  
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1 razorback suckers in Lake Mead during 1997 was between 400 and 450 individuals.  
2 Recent population estimates from 1998 indicate that this population has decreased to less 
3 than 300 fish.  Successful spawning has been identified at two locations in Lake Mead.  
4 Thousands of larvae were collected during the spring of 1997, but no juveniles were 
5 found during May and June of the same  year.  The occurrence of some relatively young 
6 razorback suckers in recent surveys indicates that there may be some recruitment in Lake 
7 Mead. 

8 Habitat Requirements and Special Considerations 

9 Adult razorback sucker habitat requirements vary, depending on season and location.  
10 Adult razorback suckers are adapted for swimming in swift currents, but they may also be 
11 found in eddies and backwaters away from  the main current (Allan and Roden  1978).   
12 Ryden and Pfeifer (1995) observed that subadult razorback suckers use eddies, pools, 
13 backwaters, and other slow-water areas during spring runoff and move into swifter main 
14 channel areas during summer.  Tyus and Karp (1990) report that, during spring runoff, 
15 adults use flooded lowlands and areas of low velocity.  Tyus (1987) indicates that 
16 midchannel sandbars represent a common summer habitat.  Bradford et al. (1998) 
17 conclude that adult razorback suckers in the lower Imperial Division area of the Colorado 
18 River actively selected backwaters; however, many backwaters become unavailable to 
19 fish because of the effects of regulated flows.  In clear reservoirs, adults are considered 
20 pelagic and can be found at various depths, except during the spawning period, when they  
21 use shallow shoreline areas. 

22 Little is known about juvenile habitat requirements because very few juveniles have been 
23 captured in the wild.  Larval razorback suckers have been observed using nearshore areas 
24 in Lake Mohave.  In riverine environments, young razorback suckers use shorelines, 
25 embayments, and tributary  mouths (Minckley et al. 1991). 

26 Razorback suckers move upstream to spawning areas and then back downstream  after 
27 spawning.  Increasing water flows and water temperatures are the main factors 
28 influencing the onset of spawning migration (Tyus and Karp 1990,  Modde and Irving 
29 1998).  In the Lower Basin reservoirs, spawning occurs from January to April/May  
30 (Langhorst and Marsh 1986).  In Lake Mead, spawning has been observed from mid-
31 February  until June, peaking in March and April (Holden 1999 cited in U.S. Fish and 
32 Wildlife Service 2002e).  Water temperatures observed during spawning in the Upper and 
33 Lower Colorado River Basins are similar (10 and 15ºC) at peak spawning, despite the 
34 differences in timing and magnitude of natural high flows (Tyus 1987; Tyus and Karp 
35 1990).  Spawning success suggests that increase rates of discharge are not needed to 
36 successfully reproduce, but that they are important in small, genetically isolated 
37 populations to initiate movement of adults to spawning locations (Modde and Irving 
38 1998). 

39 During the spawning season, adult razorback sucker migrations have been documented in 
40 Lake Mohave, the Green River, the Middle Green River, and the lower Yampa River 
41 (Marsh and Minckley 1989; Tyus 1987; Modde and Irving 1998).  Razorback sucker 
42 adults have demonstrated fidelity for spawning locations (Tyus and Karp 1990).  
43 Spawning in lakes and streams takes place over loosely packed gravel or cobble substrate 
44 in reaches with velocities less than 4.9 feet per second (Bradford and Vlach 1995). 
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1 Downstream  movement of razorback following spawning may be associated with feeding 
2 behavior (Tyus and Karp 1990).  Razorback suckers may use wetland outlets and 
3 tributary mouths because of preferred temperature ranges or higher productivity (Modde 
4 and Irving 1998). 

5 The preferred temperature range of the adult razorback sucker is 22.9–24.8ºC (Bulkley  
6 and Pimentel 1983).  Estimates of upper and lower avoidance temperatures were from  
7 27.4 to 31.6ºC and from 8.0 to 14.7ºC, respectively.   These results indicated that low 
8 summer water temperature may have contributed to the disappearance of razorback 
9 sucker from the tailwaters of Flaming Gorge Reservoir on the Green River, Utah, 

10 (Bulkley and Pimentel 1983) because water temperatures were well below the lower 
11 avoidance temperatures of 8.0–14.7ºC.  Bulkley and Pimentel (1983) recommend 
12 summer water temperatures between 22 and 25ºC to provide suitable habitat for this 
13 species. 

14 The razorback sucker is an omnivorous bottom feeder.  Its diet depends on location and 
15 life stage (Bradford and Vlach 1995; Valdez and Carothers 1998).  Larval razorback 
16 suckers were reported to feed on diatoms, rotifers, algae, and detritus (Wydoski and Wick 
17 1998).  Stomach contents of adult individuals collected in the riverine environment 
18 consist of algae and dipteran larvae, and adults examined from Lake Mohave were found 
19 to feed primarily on planktonic crustaceans (Minckley 1973). 

20 Population Status, Reasons for Decline, and Current Threats to 
21 Species Survival 

22 Like many fish native to the LCR, the razorback sucker has evolved to survive and 
23 flourish in large rivers in the presence of other native fish.  If historical conditions were 
24 to return to the Lower Basin, razorback sucker populations would likely respond 
25 positively.   Water resource development and interactions with nonnative fish species 
26 currently  threaten the razorback sucker (Pacey and Marsh 1998).  The limiting factors 
27 resulting from these two major threats include altered temperature and flow regimes, 
28 habitat loss, habitat fragmentation, predation, competition, and increased risk of disease 
29 and parasitism.  

30 The primary limiting factor for razorback suckers in the Lower Basin is probably the 
31 direct effect of predation on early life stages by  nonnative fish (Johnson 1997; Pacey and 
32 Marsh 1998).  Although several nonnative species prey on razorback sucker eggs or 
33 larvae, little work has been done to measure the direct effect of predation.  Johnson 
34 (1997) demonstrated in a laboratory experiment that green sunfish can consume more 
35 than 99% of razorback sucker larvae in clear water.  Minckley et al. (1991) suggest that 
36 the best evidence related to the effects of predation is that successful spawning and 
37 recruitment are commonly  reported from predator-free environments.  Spawning occurs 
38 in Lakes Mead and Mohave, and many eggs survive and become larvae.  However, few 
39 larvae, if any, survive to the subadult stage.  During the past few decades, the population 
40 dynamics of razorback suckers at different locations in the Lower Basin have exhibited 
41 similar trends.  Adult fish were observed in each population; however, juveniles were 
42 rare.  Although wild populations of razorback suckers had been observed spawning in 
43 various locations in the Lower Basin, recruitment was never successful enough to 
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1 replenish the adult populations.  Eventually, the adult  fish die of old age, and populations 
2 become reduced or extirpated.  The lack of recruitment in these populations is thought to 
3 be primarily  a result of predation by nonnative fish on early life stages. 

4 Impoundments in the LCR represent another major threat to razorback suckers.  The 
5 unnatural flow regimes created by impoundments may inhibit spawning and reduce 
6 growth of razorback suckers.  Daily fluctuations in the river may result in mortality from  
7 fish stranded in flooded areas. 

8 Another limiting factor that is directly related to the flow regime is loss of habitat.  The 
9 comparatively stable flows that occur downstream of impoundments during the spring 

10 and early summer do not allow the river to flood and maintain low-lying areas.  
11 Historically, high spring and summer flows created large backwater and off-channel areas 
12 that may have been important habitat for early life stages of razorback suckers.  Dams 
13 and impoundments also act as barriers to larval drift, species expansion, and migration. 

14 Management Needs and Recovery Goals 

15 The short-term recovery goal for this species is to prevent its extinction.  Quantifiable 
16 recovery goals for downlisting and delisting were developed by the USFWS (U.S. Fish 
17 and Wildlife Service 2002e). 

18 The recovery  goals for the razorback sucker relevant to the LCR require the 
19 establishment and maintenance of a genetic refugium and two self-sustaining 
20 populations.  The recovery  plan for the razorback sucker lists the following specific 
21 management needs to ensure recovery of this species:  

22  reverse the decline of this species and increase and stabilize existing populations in 
23 Lake Mohave, the middle Green River, Yampa River, and lower Green River by 
24 management actions; 

25  protect the habitats of these populations from further degradation; 

26  restore habitats to make them  compatible with recovery goals; 

27  maintain existing genomes in hatchery refugia and increase diversity as necessary;  
28 and 

29  augment or reestablish populations of the fish in its critical habitat (U.S. Fish and 
30 Wildlife Service 2002e). 

31 The current demands for augmentation of this species are far greater than the numbers 
32 that can be produced given the available rearing capacity.  Willow Beach National Fish 
33 Hatchery and other associated hatcheries and rearing ponds have the annual capacity to 
34 produce between 25,000 and 30,000 razorback suckers that are 10 inches long.  The 
35 current annual demand for augmentation of this species is more than double that 
36 production.  This demand is expected to increase by as much as 100% in the near future. 

37 A number of management actions are proposed or ongoing for the razorback sucker.  For 
38 example, razorback sucker stocking programs have been implemented in a number of 
39 locations.  The Native Fish Work Group is recreating a population of 50,000 adult 
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1 razorback suckers in Lake Mohave and has stocked more than 60,000 subadults in this 
2 effort to date.  The HAVFISH program  on Lake Havasu completed its goal to stock 
3 30,000 subadult razorback suckers in the lake in 2002.  Reclamation has contracted with 
4 the AGFD to provide 50,000 subadults for stocking below Parker Dam over the next few 
5 years.  An additional 20,000 subadults may also be stocked there if the ISC program is 
6 initiated.  During the fall of 1997, AGFD stocked 2,000 razorback suckers that were 
7 approximately 10 inches long in the Colorado River between Parker Dam and Headgate 
8 Rock Dam.   Prior to 1998, Lake Havasu had been stocked with 1,679 individuals.  
9 Between January 1 and March 26, 1998, AGFD stocked approximately  1,100 individuals 

10 that were more than 12 inches long in Lake Havasu. 

11 Southern Nevada Water Authority (SNWA), NDOW, NPS, and Reclamation are 
12 currently funding a razorback sucker study  on Lake Mead.  Results to date have provided 
13 information on spawning locations, reproductive success, movement, and population 
14 estimates for razorback suckers.  In addition, NDOW currently implants passive 
15 integrated transponder (PIT) tags in adult or juvenile razorback suckers that are captured 
16 in Lake Mead. 

17 Reclamation is also implementing management actions for the razorback sucker in 
18 response to several RPAs and RPMs (Bureau of Reclamation 1998a) and other ongoing  
19 conservation actions.  Reclamation management actions are included in the bonytail 
20 discussion.  Reclamation is also working with the Native Fish Work Group, in  
21 association with the Lake Mohave razorback sucker program, on rearing and releasing 
22 razorback sucker (Bureau of Reclamation 1998a).  Other Reclamation activities include 
23 identifying and developing management techniques for the razorback sucker, developing 
24 and expanding the Willow Beach National Fish Hatchery and other grow-out facilities, 
25 developing lake rearing coves, enhancing backwater-rearing areas, and determining the 
26 long-term ecology  of backwaters in relation to habitat restoration (Bureau of Reclamation 
27 1996a). 

28 The AGFD is conducting research on razorback sucker habitat use on the LCR.  This 
29 research focuses on the razorback sucker’s  use of the roughly 6 miles of river and 
30 associated backwaters immediately upstream from Imperial Dam  (Bradford 1998).  The 
31 Resource Management Plan for the Lake Mead NRA (National Park Service 1994) has 
32 funded interagency monitoring and continues to work with an interagency  group on 
33 rearing razorback suckers in backwater areas.  The GCMRC (1998) has funded 
34 monitoring and research activities for this species as part of its Biological Resources 
35 Program.  The objective of this program is to provide the knowledge base required to 
36 implement ecosystem  management strategies within an adaptive management framework. 

37 I.1.2 Other Covered Species 

38 I.1.2.1  Western Red Bat (Lasiurus blossevillii) 

39 Legal Status 

40 All bats are protected from direct take by the wildlife regulations of each state. 
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Status of LCR MSCP Covered Species 

1 Other Status 

2 The western red bat is also: 

3  a G5 (global rank) and an S2 (state rank) in the Arizona Heritage Data Management 
4 System, 

 a wildlife species of special concern in Arizona, 

6  threatened native wildlife in Arizona, 

7  not listed in the CNDDB (there are apparently no records of this species from the 
8 California counties along the Colorado River), 

9  a G5 (global rank) and an S (state rank) in the Nevada Natural Heritage Program, 

 a USFS sensitive species (Region 5—Inyo National Forest [NF]), and 

11  a highest priority species for the Western Bat Working Group (WBWG). 

12 Taxonomic status of this taxon is uncertain.  Some authors differ as to whether this 
13 species is distinct from Lasiurus borealis.  The WBWG (1998) rates this species as red, 
14 or high, in this area: 

Based on available information on distribution, status, ecology, and known threats, this 
16 designation should result in these species being considered the highest priority for 
17 funding, planning, and conservation actions.  Information about status and threats to most 
18 species could result in effective conservation actions being implemented should a 
19 commitment to management exist.  These species are imperiled or are at high risk of 

imperilment. 

21 Species Distribution 

22 The western red bat is apparently only a summer resident in the southwestern United 
23 States.  It is found from California south to South America, including most of Arizona, 
24 southern Nevada, and southern California (Arizona Game and Fish Department 1996b; 

Shump and Shump 1982; Barbour and Davis 1969). 

26 There are only 61 known records from Arizona, all between May 30 and September 30 
27 (Arizona Game and Fish Department 1996c).  There are apparently no known records of 
28 this species in the LCR MSCP planning area (Hoffmeister 1986; California Department 
29 of Fish and Game 2000). 

Although this species has not been recorded in the LCR MSCP planning area, it is 
31 thought to be migratory through the LCR MSCP planning area and potentially a year-
32 round resident (Hoffmeister 1986). 

33 Habitat Requirements and Special Considerations 

34 Records of this species are from riparian and wooded areas, including riparian woodland 
vegetation consisting of sycamores and cottonwoods. 

Lower Colorado River December 2004 
Multi-Species Conservation Program I-30 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

 
 

 

 
 

 

  

 
 

 

 

5 

10 

15 

20 

25 

30 

Status of LCR MSCP Covered Species 

1 Roost Sites 

2 Known roosts are in tree foliage, including cottonwood trees, several other species of 
3 trees (Shump and Shump 1982), leafy shrubs, and herbs (Arizona Game and Fish 
4 Department 1996b; Shump and Shump 1982).  It may also roost in saguaro cavities and 

cave-like situations (Arizona Game and Fish Department 1996b).  This species roosts 
6 alone or as a single female with young (Arizona Game and Fish Department 1996b; 
7 Shump and Shump 1982). 

8 Feeding 

9 The western red bat is an insectivorous bat, known to consume moths, flies, beetles, 
cicadas, ground-dwelling crickets, and hymenopterans (Arizona Game and Fish 

11 Department 1996b; Shump and Shump 1982). Foraging may occur between tree top 
12 level and a few feet above ground level; occasionally red bats may land on vegetation to 
13 catch their prey (Arizona Game and Fish Department 1996b). 

14 Reproduction 

From one to five young are born per year, with an average of 2.3 (Shump and Shump 
16 1982).  Birth usually occurs in June.  Females roost singly; maternity colonies are not 
17 formed by this species. 

18 Regionally Significant Populations in the LCR MSCP 
19 Planning Area 

No records of this species are known from the LCR MSCP planning area (Hoffmeister 
21 1986; California Department of Fish and Game 2001). 

22 Population Status and Reasons for Decline 

23 There are not enough records of this species from the area to determine population status.  
24 Population trends are unknown but appear to be stable (Arizona Game and Fish 

Department 1996b).  It is assumed that the species is present in low numbers and 
26 restricted areas (i.e., riparian or other broad-leaved deciduous forests and woodlands) and 
27 is therefore potentially vulnerable and may have suffered a population decline with the 
28 loss of riparian forests in the southwest. 

29 Based on available information on distribution, population status, ecology, and known 
threats, the WBWG (1998) has ranked the western red bat as a red, or high, priority 

31 species.  This classification indicates that the species is imperiled or is at high risk of 
32 imperilment and should be considered the highest priority for funding, planning, and 
33 conservation actions. 
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Status of LCR MSCP Covered Species 

1 Current Threats to Species Survival 

2 This species is threatened by loss of riparian and other broad-leaved deciduous forests 
3 and woodlands as a result of trampling of stream banks and increased erosion associated 
4 with grazing, construction of dams, water diversions, aquifer pumping, and pasture and 
5 cropland conversion (Arizona Game and Fish Department 1996c).  Toxic chemicals may 
6 adversely affect local populations of this and other bat species.  There is no recent 
7 evidence of this effect, but historical evidence and implications exist (Clark 1988).  
8 Chemicals of concern include organochlorine pesticides (DDT, DDE, DDD), dieldrin, 
9 heptachlor-related chemicals, and industrial polychlorinated biphenyls (PCBs), and heavy 

10 metals, such as lead, cadmium, chromium, zinc, and mercury. 

11 Management Needs 

12 The AGFD (1996c) lists the management needs for this species as: 

13 Develop efficient survey methods that address population status, life history, and roost 
14 selection; protect broad-leaved riparian areas through bank stabilization, removal of 
15 livestock, and possibly through land acquisition and land owner education projects (most 
16 riparian habitat is privately owned). 

17 However, some forms of bank stabilization have resulted in loss of habitat, including that 
18 in the floodplain of the LCR.  In the LCR MSCP planning area, much of the riparian 
19 vegetation is publicly owned. 

20 Existing Management Actions 

21 No existing management actions have been identified for the western red bat. 

22 Recovery Goals 

23 There are no agency-mandated recovery goals for the western red bat. 

24 I.1.2.2 Western Yellow Bat (Lasiurus xanthinus) 

25 Legal Status 

26 All bats are protected from direct take by the wildlife regulations of each state. 

27 Other Status 

28 The western yellow bat is also: 
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Status of LCR MSCP Covered Species 

1  a G5 (global rank) and an S1 (state rank) in the Arizona Heritage Data Management 
2 System, 

3  a wildlife species of concern in Arizona, 

4  not currently being monitored by the CNDDB, 

 a G5 (global rank) and an S1 (state rank) in the Nevada Natural Heritage Program, 
6 and 

7  a highest priority species for the WBWG. 

8 Taxonomic status of this taxon is uncertain.  Some authors differ as to whether this 
9 species is distinct from Lasiurus ega.  The WBWG (1998) rates this species as red, or 

high, in this area. 

11 Based on available information on distribution, status, ecology, and known threats, this 
12 designation should result in these species being considered the highest priority for 
13 funding, planning, and conservation actions.  Information about status and threats to most 
14 species could result in effective conservation actions being implemented should a 

commitment to management exist.  These species are imperiled or are at high risk of 
16 imperilment.  (Western Bat Working Group 1998.) 

17 Species Distribution 

18 This is a tropical species that barely enters the United States in southern Arizona, 
19 southern California, Texas, and New Mexico.  There are very few records of this species 

in the United States, but the evidence appears to indicate that the species is increasing, 
21 primarily in urban areas (Arizona Game and Fish Department 1996c). 

22 It is known to occur in association with Washington fan palms at Yuma and in broad-
23 leaved riparian areas along the Bill Williams River (Hoffmeister 1986; Arizona Game 
24 and Fish Department 1996c).  It is expected to occur at locations where palms have been 

planted along the Colorado River (Cockrum et al. 1996).  The only record for Nevada 
26 was from the Warm Springs NWR along the Muddy River.  Yellow bats were reported 
27 along the Bill Williams River, where they roosted in native riparian trees, and at Lake 
28 Havasu City, where they roosted in introduced palms (Brown 1996). 

29 The western yellow bat is migratory but is likely a year-round resident in the LCR MSCP 
planning area.  Live specimens have been taken in southern Arizona in January February, 

31 April, May, September, and October (Hoffmeister 1986). 

32 Habitat Requirements and Special Considerations 

33 This species is known primarily from areas with palm trees and is known to roost in palm 
34 trees.  It is also found in riparian deciduous forests and woodlands and urban areas that 

use palms in landscaping (Spencer et al. 1988). 
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Status of LCR MSCP Covered Species 

1 Feeding 

2 Yellow bats forage primarily above the canopy for a variety of insects, including various 
3 bugs, flies, bees, wasps, moths, beetles, and grasshoppers. 

4 Roost Sites 

Yellow bats roost singly or in small groups in palms, usually under dead fronds 
6 (Hoffmeister 1986; Arizona Game and Fish Department 1996c).  Yellow bats have also 
7 been found in a hackberry and sycamore, suggesting this species may use trees other than 
8 palms (Nevada Bat Working Group 2001). 

9 Reproduction 

One to four young are born per year, from April to June.  Lactating females have been 
11 found from June to July.  Most females likely roost alone, but small loose clusters may 
12 form under favorable conditions.  (Nevada Bat Working Group 2001). 

13 Regionally Significant Populations in the LCR MSCP 
14 Planning Area 

No regionally significant populations of western yellow bat are known in the LCR MSCP 
16 planning area. 

17 Population Status and Reasons for Decline 

18 Population trends are not known, although records of this species appear to be increasing.  
19 This increase may be a result of better observation and reporting.  Some authors (Fahey 

1997; Noel and Johnson 1993) suggest that the species may be increasing.  It is also 
21 possible that this species has declined in the LCR MSCP planning area as a result of 
22 historical loss of riparian woodland.  Based on available information on the distribution, 
23 population status, ecology, and known threats, the WBWG (1998) has ranked the western 
24 yellow bat as a red, or high, priority species.  This classification indicates that the species 

is imperiled or is at high risk of imperilment and should be considered the highest priority 
26 for funding, planning, and conservation actions. 

27 Current Threats to Species Survival 

28 This species is threatened by loss and degradation of riparian woodlands as a result of 
29 trampling of stream banks and increased erosion associated with grazing, construction of 

dams, water diversions, aquifer pumping, and pasture and cropland conversion; burning 
31 and removal of palm groves; and, possibly, pruning of urban palm trees (Arizona Game 
32 and Fish Department 1996c).  Toxic chemicals may adversely affect local populations of 
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Status of LCR MSCP Covered Species 

1 this and other bat species.  There is no recent evidence of this effect, but historical 
2 evidence and implications exist (Clark 1988).  Chemicals of concern include 
3 organochlorine pesticides (e.g., DDT, DDE, DDD), dieldrin, heptachlor-related 
4 chemicals, and industrial PCBs and heavy metals, such as lead, cadmium, chromium, 
5 zinc, and mercury. 

6 Management Needs 

7 Management needs for this species include developing efficient survey methods that 
8 address population status, life history, and roost selection and implementing educational 
9 programs targeting landscape companies and homeowners to prevent accidental deaths 

10 and loss of urban roosts (palm trees) (Arizona Game and Fish Department 1996c). 

11 Existing Management Actions 

12 No existing management actions have been specifically identified.  The Resource 
13 Management Plan for the Lake Mead NRA (National Park Service 1994) recommends 
14 conducting surveys for bats in general.  Efforts will include surveying historically known 
15 roosts and potential roosts and mist netting at desert springs. 

16 Recovery Goals 

17 There are no agency-mandated recovery goals for the yellow bat. 

18 I.1.2.3 Desert Pocket Mouse (Chaetodipus 
19 penicillatus sobrinus) 

20 Legal Status 

21 The desert pocket mouse has no legal status. 

22 Other Status 

23 The desert pocket mouse is also: 

24  a G5 (global rank) and an S5 (state rank, full species) in the Arizona Heritage Data 
25 Management System, and 

26  a G5 (global rank) and an S2 (state rank, full species) in the Nevada Natural Heritage 
27 Program. 
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Status of LCR MSCP Covered Species 

1 Species Distribution 

2 The desert pocket mouse is found along the Muddy and Virgin Rivers in southern Nevada 
3 and along the Colorado River from the Virgin River Delta south to near Davis Dam (Hall 
4 1981; Hoffmeister 1986).  Results of recent studies indicate that the range of the desert 
5 pocket mouse extends as far south as Topock Gorge (Marshall pers. comm. [b]).  It 
6 inhabits the ecotonal margins of the lower Beaver Dam Wash in extreme southwestern 
7 Utah and northwestern Arizona; of the lower Virgin River from near the Beaver Dam 
8 Wash confluence to Lake Mead; along the Muddy River in the Warm Springs, lower 
9 Arrow Canyon and Overton areas; along the lower Meadow Valley Wash north to at least 

10 the Rox railroad siding; on the west side of the Overton Arm of Lake Mead at Blue Point 
11 and Rodgers Springs; along the northern portion of the Las Vegas Wash in the Las Vegas 
12 Valley; at the Las Vegas Valley Wash District Springs Preserve site in Las Vegas; and 
13 just south of the Big Bend State Park in Nevada along the Colorado River (Marshall pers. 
14 comm. [a]). 

15 Habitat Requirements and Special Considerations 

16 The desert pocket mouse inhabits sandy and alluvial soil in open areas that contain low 
17 bushes (Jameson and Peeters 1988) and can be found in a variety of upland and riparian 
18 scrub areas (New Mexico Department of Game and Fish 1997).  Genoways and Brown 
19 (1993) describe the desert pocket mouse as nearly always associated with creosote bush 
20 communities in the deserts of southwestern North America.  This subspecies occurs with 
21 hop-sage in Mohave mixed scrub, creosote-bursage, and salt desert scrub vegetation 
22 communities.  It is associated with wind-drifted sand, probably at least 20 inches deep.  
23 The distribution of the desert pocket mouse often overlaps with that of the sensitive plant 
24 species white-margined beardtongue. 

25 Feeding 

26 Desert pocket mice feed on a variety of seeds from desert plants and are known to store 
27 seeds of mesquite, creosote bush, and matchweed (Jameson and Peeters 1988). 

28 Reproduction and Demographics 

29 Desert pocket mice begin breeding in late February, with the peak of pregnancies among 
30 females occurring in April and the peak of juveniles occurring in May (Porter cited in 
31 Davis and Schmidly 1994).  Lesser peaks in pregnancy occur in June and August.  Two 
32 to six young are born (mean 3.6).  Many of the females reach sexual maturity while still 
33 in their juvenile pelage. 

34 The annual population turnover for this species can be high—nearly 95% in a Texas 
35 population studied (Davis and Schmidly 1994), which means only 5% of the individuals 
36 present at the season’s peak survived 12 months in the wild. 

Lower Colorado River December 2004 
Multi-Species Conservation Program I-36 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

 
 

 

  

 

 

Status of LCR MSCP Covered Species 

1 Regionally Significant Populations in the LCR MSCP 
2 Planning Area 

3 Within the planning area of the LCR MSCP, no regionally significant populations have 
4 been identified.  However, comprehensive surveys have not been completed and 
5 regionally significant populations may exist in the planning area. 

6 Population Status and Reasons for Decline 

7 The population status and trends are unknown for the desert pocket mouse (Regional 
8 Environmental Consultants 1998). 

9 Current Threats to Species Survival 

10 Because of limited suitable habitat and potentially low relative density, the desert pocket 
11 mouse may be susceptible to stochastic events that are often imposed on narrow endemic 
12 species with limited distributions (Regional Environmental Consultants 1998).  The 
13 population trends of the desert pocket mouse are unknown; therefore, the effects of 
14 potential impacts on this subspecies are difficult to determine. 

15 Management Needs 

16 Evaluations of the current distribution, population trends, and potential threats of this 
17 subspecies should be conducted. 

18 Existing Management Actions 

19 The desert pocket mouse is a high-priority evaluation species under the Clark County 
20 MSHCP (Regional Environmental Consultants 1998).  The majority of localities given 
21 for the desert pocket mouse in southern and southeast Nevada, as identified in the 
22 MSHCP, occur on BLM land in Mojave desert scrub and desert riparian/aquatic 
23 ecosystems.  The BLM has responsibility for the following general and ecosystem-level 
24 conservation measures, as identified in the Clark County MSHCP (Regional 
25 Environmental Consultants 1998): 

26  enter into conservation agreements or easements with the USFWS and other willing 
27 parties that, if implemented, could negate or reduce the necessity of future listing of 
28 covered and evaluation species; 

29  require the use of a resource advisor for all fires within important habitats for covered 
30 and evaluation species; 

31  ensure that all riparian areas (i.e., springs, seeps, and streams) are in proper 
32 functioning condition, as defined in the “Riparian-wetland Initiative for the 90s”; and 
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Status of LCR MSCP Covered Species 

1  use appropriate measures as necessary to achieve proper functioning condition, which 
2 may include fencing and/or the development of alternative water sources away from 
3 the riparian area. 

4 It should be noted that none of the measures above are specific to the desert pocket 
5 mouse, so they may or may not result in direct or indirect benefits to this species. 

6 Recovery Goals 

7 There are no agency-mandated recovery goals for the desert pocket mouse. 

8 I.1.2.4 Colorado River Cotton Rat (Sigmodon 
9 arizonae plenus) 

10 Legal Status 

11 The Colorado River cotton rat has no legal status. 

12 Other Status 

13 The Colorado River cotton rat is also: 

14  a Federal species of concern, 

15  a G5T2T3 (global rank) and an S2S3 (state rank) in the Arizona Heritage Data 
16 Management System, 

17  a G5T2T3 (global rank) and an SH (state rank) in the CNDDB, and 

18  a species of special concern in California. 

19 Species Distribution 

20 The Colorado River cotton rat occurs in the vicinity of the Colorado River and its 
21 tributaries in southeastern California. 

22 In Arizona, it occurs along the Colorado River from Parker to Ehrenberg (Hoffmeister 
23 1986).  One additional locality has been reported in Nevada along the Nevada-California 
24 border (Hall 1946); however, populations once occurring in Nevada are now thought to 
25 be extinct (Hall 1946; Bradley 1966).  The distributional limits of the Colorado River 
26 cotton rat have not been established, and the southern limits of its range are not known 
27 (Hafner et al. in press).  McKernan (pers. comm.) has provided records for this species at 
28 Topock Marsh, Parker Dam, near Parker, Arizona, on the Colorado River Indian Tribes 
29 (CRIT) Reservation north of the Palo Verde Division Dam, near Blythe, California, and 
30 on and near Cibola NWR.  The dates of these observations range from 1974 to 1998. 
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Status of LCR MSCP Covered Species 

1 Habitat Requirements and Special Considerations 

2 This subspecies of cotton rat is known to inhabit a narrow band of mesic sites along the 
3 banks of the Colorado River.  It is restricted to the mesic sites along the LCR and avoids 
4 the surrounding desert areas (Hoffmeister 1986; Grinnell 1914).  The subspecies is also 
5 found in association with irrigated croplands in some areas (Hoffmeister 1986).  Nests are 
6 woven in dense patches of grass or in burrows.  Trapping success for this subspecies 
7 occurs most often in areas dominated by common reed (Zimmerman pers. comm.). 

8 Feeding 

9 The Arizona cotton rat feeds primarily on grasses.  The related Sigmodon hispidus also 
10 feeds on sugar beets, citrus, other crops, some insects, eggs, and carrion (Zeiner et al. 
11 1990). 

12 Reproduction 

13 No data are available for this species.  However, the biology of this species is probably 
14 similar to that of the hispid cotton rat described below. 

15 Regionally Significant Populations in the LCR MSCP 
16 Planning Area 

17 Comprehensive surveys for Colorado River cotton rat have not been conducted.  The 
18 potential for significant populations of this endemic subspecies being within the planning 
19 area will not be known until additional surveys have been completed. 

20 Population Status and Reasons for Decline 

21 The population status and reasons for decline of this species are not well understood; 
22 however, the Colorado River cotton rat has a limited range and occurs along an area of 
23 the river that is subject to a number of human disturbances.  Agricultural and urban 
24 development, draining of wetlands, livestock grazing, and water diversion projects have 
25 probably all contributed to the species’ decline. 

26 Current Threats to Species Survival 

27 No current threats to species survival have been identified for the Colorado River 
28 cotton rat. 
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Status of LCR MSCP Covered Species 

1 Existing Management Actions 

2 No existing management actions have been identified for the Colorado River cotton rat. 

3 Management Needs 

4 The distribution and population density of this subspecies should be investigated in 
5 Arizona and California.  These investigations should be performed over a period of at 
6 least 3 years to account for natural demographic cycles (Hafner et al. in press).  The 
7 extent of suitable habitat available to the subspecies should be determined (Hafner et al. 
8 in press). 

9 Recovery Goals 

10 There are no agency-mandated recovery goals for the Colorado River cotton rat. 

11 I.1.2.5 Yuma Hispid Cotton Rat (Sigmodon hispidus 
12 eremicus) 

13 Legal Status 

14 The Yuma hispid cotton rat has no legal status. 

15 Other Status 

16 The Yuma hispid cotton rat is also: 

17  a Federal species of concern, and 

18  a G5T2T3 (global rank) and an S2S3 (state rank) in the Arizona Heritage Data 
19 Management System, 

20  a G5T2 (global rank) and an S2 (state rank) in the CNDDB, 

21  a species of special concern in California. 

22 Species Distribution 

23 The Yuma hispid cotton rat is known from Yuma County, Arizona, Imperial County, 
24 California, and northern Baja California, Mexico (Hall 1981; Hoffmeister 1986).  Within 
25 the LCR MSCP planning area, it occurs on both sides of the Colorado River, from Yuma 
26 to the Mexican border.  The distributional range of the Yuma hispid cotton rat has 
27 increased as agricultural development has expanded along the LCR (Hafner et al. in 
28 press). 
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Status of LCR MSCP Covered Species 

1 Habitat Requirements and Special Considerations 

2 Hispid cotton rats occupy moist, grassy sites, where they cut runways through the grass.  
3 Hoffmeister (1986) indicates that cotton rats in Yuma County have been taken mostly 
4 along the Colorado River and along adjacent sloughs in brushy areas.  Cotton rats have 

been reported from sites vegetated with common reed, arrowweed, and cattails, as well as 
6 from Bermuda grass farms along the river (Hoffmeister 1986). 

7 Feeding 

8 Hispid cotton rats eat many grasses and forbs and are more vegetarian than most native 
9 mice (Jameson and Peeters 1988).  The Yuma hispid cotton rat has benefited from the 

expansion of irrigated fields and has shown success in using agricultural areas 
11 (Zimmerman pers. comm.).  The subspecies is now commonly found along roadsides 
12 adjacent to alfalfa and clover fields (Zimmerman pers. comm.). 

13 Reproduction 

14 Cotton rats are prolific and produce several litters of 2–10 young, averaging about five a 
year (Davis and Schmidly 1994).  Captive females can give birth to as many as nine 

16 litters a year.  Data from wild-caught rats indicate that a nearly yearlong breeding season 
17 can occur, at least in the warmer parts of this species’ range.  The gestation period is 
18 approximately 27 days, and the young are weaned when 15–20 days old.  Sexual maturity 
19 is reached in about 40 days when the animals are still in their juvenile pelage.  Females 

can give birth for the first time when they are only 68 days old.  Given this reproductive 
21 potential, if a female breeds immediately after giving birth for 9–10 litters throughout a 
22 year, at the end of that year she could be a great-great-great-grandmother and the ancestor 
23 of about 15,500 cotton rats.  This reproductive potential is seldom reached because of 
24 predation, disease, lack of suitable or sufficient food, accidents, smaller litters, and fewer 

litters per year.  The potential, however, for explosive population growth exists in this 
26 species if the conditions are right. 

27 
28 

Regionally Significant Populations in the LCR MSCP 
Planning Area 

29 Comprehensive surveys for Colorado River cotton rat have not been conducted.  The 
potential for significant populations of this endemic subspecies being within the planning 

31 area will not be known until additional surveys have been completed. 

32 Population Status and Reasons for Decline 

33 The status of Yuma hispid cotton rat populations along the LCR is unknown.  It is 
34 believed that the species has adapted to agricultural conditions and has expanded 

its range. 
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Status of LCR MSCP Covered Species 

1 Currents Threats to Species Survival 

2 No current threats to species survival have been identified for the Yuma hispid cotton rat. 

3 Management Needs 

4 No management needs have been identified.  Prior to formulating management needs for 
5 this subspecies, a census of population numbers and evaluation of habitat is needed 
6 (Arizona Game and Fish Department 1997c). 

7 Existing Management Actions 

8 No existing management actions have been identified for the Yuma hispid cotton rat. 

9 Recovery Goals 

10 There are no agency-mandated recovery goals for the Yuma hispid cotton rat. 

11 I.1.2.6 Western Least Bittern (Ixobrychus exilis 
12 hesperis) 

13 Legal Status 

14 The western least bittern has no legal status. 

15 Other Status 

16 The western least bittern is also: 

17  a Federal species of concern, and 

18  a G5TU (global rank) and an S3 (state rank) for the Arizona Heritage Data 
19 Management System, 

20  a wildlife species of special concern in Arizona, 

21  a G5TU (global rank) and an S1 (state rank) in the CNDDB, 

22  a species of special concern in California. 
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Status of LCR MSCP Covered Species 

1 Species Distribution 

2 Least bitterns nest in summer throughout much of the United States and southeast Canada 
3 south to most of tropical and subtropical South America east of the Andes.  The northern 
4 populations of this species winter in California, south Texas, and central Florida (Gibbs 
5 et al. 1992). From April to September, the western least bittern is a locally common 
6 breeder in marshes along the LCR (Rosenberg et al. 1991; Garrett and Dunn 1981).  In 
7 winter, it is uncommon from Imperial Dam south to Yuma and rare farther to the north 
8 (Rosenberg et al. 1991). 

9 Habitat Requirements and Special Considerations 

10 The least bittern is a secretive bird usually found in densely vegetated freshwater 
11 marshes.  This long-distance migrant can also inhabit saltwater and brackish water 
12 marshes near the coast in the southern portion of its range (Kaufmann 1996; Gibbs et al. 
13 1992).  Along the LCR, the largest breeding populations of least bitterns are found in 
14 extensive cattail and bulrush marshes like those found near Topock, Cibola Lake, and 
15 Imperial Dam (Rosenberg et al. 1991; Conway et al. 2002).  Marshes that have developed 
16 with construction of reservoirs have created substantial areas of habitat for western least 
17 bitterns (Rosenberg et al. 1991; Conway et al. 2002).  Western least bittern habitat in the 
18 LCR MSCP planning area is assumed to correspond to the emergent vegetation 
19 component of the backwater land cover type with water depths suitable for the species.  
20 Monotypic stands of Phragmites are generally uninhabited by bitterns during the 
21 breeding season (Hunter pers. comm.). 

22 Smaller populations of least bitterns are found throughout the valley at a variety of 
23 marshy areas, including ponds and agricultural canals (Rosenberg et al. 1991).  The least 
24 bittern is the smallest member of the heron family and can obtain high densities in its 
25 preferred habitat.  Rosenberg et al. (1991) estimated the breeding density of this species 
26 to be 40 birds per 100 acres in some marshy areas along the LCR.  The least bittern is a 
27 carnivorous species that primarily eats small fish, such as catfish, minnows, eels, sunfish, 
28 killifish, and perch.  Other food items consumed by this species include frogs, tadpoles, 
29 salamanders, leeches, slugs, crayfish, small snakes, aquatic insects, and, occasionally, 
30 shrews and mice (Gibbs et al. 1992; Kaufmann 1996).  The least bittern builds its nest in 
31 tall marsh vegetation, usually cattails.  It occasionally nests in loose colonies but nests are 
32 generally scattered throughout the appropriate marsh vegetation.  Least bitterns raise one 
33 or two broods per year. 

34 Regionally Significant Populations in the LCR MSCP 
35 Planning Area 

36 All populations of the least bittern in the LCR MSCP planning area are considered 
37 regionally significant.  The largest populations of this species in the LCR MSCP planning 
38 area occur in the extensive cattail and bulrush marshes located at Topock, Cibola Lake, 
39 and near Imperial Dam (Rosenberg et al. 1991; Conway et al. 2002). 
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Status of LCR MSCP Covered Species 

1 Population Status and Reasons for Decline 

2 The western least bittern is a locally common summer resident and breeder, with a few 
3 present in winter (Rosenberg et al. 1991), and it is assumed that occupied least bittern 
4 habitat is present in Reaches 1 and 3–7.  Opinions vary, however, on the geographic 
5 extent of least bitterns along the LCR, ranging from bitterns occupying most, if not all, of 
6 the available habitat (Hunter pers. comm.) to bitterns occupying only some of the 
7 available habitat (Conway pers. comm.).  It has been postulated that this species may 
8 breed semicolonially and require fairly large marshes for breeding, although this 
9 hypothesis has not been formally tested, and there is no information on minimum patch 

10 size for breeding (Conway pers. comm.).  The largest populations in the LCR MSCP 
11 planning area occur in extensive cattail or bulrush marshes, especially at Topock and 
12 Imperial NWR, and the highest densities were estimated at 40 individuals per 100 acres 
13 (Rosenberg et al. 1991).  Smaller populations of least bitterns are found throughout the 
14 valley at a variety of marshy areas, including ponds and agricultural canals (Rosenberg et 
15 al. 1991). 

16 Although no trend data are available for western populations of the least bittern, 
17 
18 

population trends probably reflect the availability of suitable freshwater marsh (Sauer et 
al. 1997).  Marshes have been declining throughout the 20th century as a result of 

19 channelization, dredging, flood control, grazing, stream diversion, recreational activities, 
20 and wildfires (New Mexico Department of Game and Fish 1997). 

21 Currents Threats to Species Survival 

22 Western least bitterns continue to be threatened by the loss and degradation of freshwater 
23 marsh (New Mexico Department of Game and Fish 1997). 

24 Management Needs 

25 The creation or restoration of marshes for Yuma Clapper Rail will benefit the western 
26 least bittern. 

27 Existing Management Actions 

28 No existing management actions have been identified for the western least bittern. 

29 Recovery Goals 

30 There are no agency-mandated recovery goals for the western least bittern. 

Lower Colorado River December 2004 
Multi-Species Conservation Program I-44 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

 
 

 

 

 
 

Status of LCR MSCP Covered Species 

1 I.1.2.7 California Black Rail (Laterallus jamaicensis 
2 coturniculus) 

3 Legal Status 

4 The California black rail is listed as threatened under CESA. 

5 Other Status 

6 The California black rail is also: 

7  Federal species of concern, 

8  a G4T1 (global rank) and an S1 (state rank) in the Arizona Heritage Data 
9 Management System, 

10  a wildlife species of concern in Arizona, and 

11  a G4T1 (global rank) and an S1 (state rank) in the CNDDB. 

12 Species Distribution 

13 The California subspecies of the black rail occurs in western North America from 
14 Tomales Bay, the Sacramento–San Joaquin River Delta, the foothills of Butte, Yuba, and 
15 Nevada Counties, and south very locally along the California coast at Bolinas Lagoon, 
16 San Francisco Bay, and Morrow Bay into northern Baja California, Mexico.  In 
17 California, it also occurs in the San Bernardino/Riverside area and at the Salton Sea area, 
18 including Finey and Ramer Lakes (California Department of Fish and Game 1991).  
19 Along the LCR, the California black rail is a permanent resident in the vicinity of 
20 Imperial Dam and Bill Williams Delta (Snider 1969; Repking and Ohmart 1977; Conway 
21 et al. 2002).  Other important areas for black rails are between Laguna Dam north to 
22 Ferguson and Martinez Lakes.  Marshes associated with the Colorado River from Senator 
23 Wash to Mittry Lake support most of the breeding black rails in the region.  The Planet 
24 Ranch area of the Bill Williams River and seep marshes along the All American Canal 
25 (AAC) are also important areas for black rails (Conway et al. 2002).  California black 
26 rails may also be present in marshes above Lake Mead (Conway pers. comm.).  Other 
27 than the small population of black rails at the Salton Sea, the birds along the Colorado 
28 River represent the only stable inland population of this subspecies (Eddleman et al. 
29 1994; Rosenberg et al. 1991).  Black rails are also thought to breed in the Cienega de 
30 Santa Clara, one of only three breeding localities for this species in Mexico and one of 
31 very few for the subspecies anywhere (Piest and Campoy 1998). 

32 Habitat Requirements and Special Considerations 

33 Studies conducted along the LCR suggest that habitat structure and water depths are more 
34 important factors than plant composition in determining black rail use of wetlands.  
35 Unsuitable water and structural conditions appear to restrict the California black rail to 

Lower Colorado River December 2004 
Multi-Species Conservation Program I-45 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

1 only a fraction of the emergent vegetation available within an entire wetland (Flores and 
2 Eddleman 1995; Conway et al. 2002).  In general, Flores and Eddleman (1995) found that 
3 black rails used marshes with high stem  densities and overhead coverage that were drier 
4 and closer to upland vegetation than randomly selected sites.  Marsh edges with water 
5 less than 1 inch deep dominated by California bulrush and three-square bulrush are used 
6 most frequently.  Recent surveys found that three-square bulrush was associated with 
7 black rail detections far more than other plant species (Conway et al. 2002).  Areas 
8 dominated by cattail are also used regularly but only in a small proportion to their 
9 availability and generally  within 164 feet of upland vegetation where water depth is 

10 1.2 inches.  Telemetry studies at Mittry  Lake found black rails to be sedentary, with home 
11 ranges averaging 0.5 ha (1.2 acres) or less (Flores and Eddleman 1991).  Survey  and 
12 trapping efforts at Mittry Lake determined permanent residency for the black rail, further 
13 supporting the idea that this subspecies is nonmigratory along the LCR.  The erratic 
14 movements recorded for some juvenile and unmated birds during this research were 
15 consistent with the “wandering” behavior attributed to this subspecies and supports the 
16 idea that black rails may be capable of quickly occupying newly created habitats (Flores 
17 and Eddleman 1991).  Flores and Eddleman (1991) also studied black rail diets and food  
18 availability at Mittry Lake and found black rails consume a wide variety  of invertebrates 
19 throughout the year, including beetles, earwigs, ants, grasshoppers, and snails.  When 
20 invertebrate availability drops during the winter months, a larger portion of high-energy  
21 cattail and bulrush seeds is consumed.  Lower resource availability in winter causes black 
22 rails to experience a significant weight loss, indicating that they are more vulnerable to 
23 stress during this time.  Nesting biology of the California black rail is poorly  understood.  
24 Double clutching and renesting may be fairly common in this subspecies along the LCR.  
25 These behaviors, combined with a relatively large clutch size, long breeding season, 
26 apparently  low predation rates, and aggressive nest defense suggest that the black rail has 
27 a high reproductive potential that is likely limited by the availability of shallow water 
28 environments (Flores and Eddleman 1991; Eddleman et al. 1994;  Conway et al. 2002). 

29 Regionally Significant Populations in the LCR MSCP   
30 Planning Area 

31 All populations in the LCR MSCP planning area are considered regionally significant.  
32 California black rails nest locally along the LCR from Imperial NWR south to Mittry 
33 Lake.  Small populations occur irregularly adjacent to the LCR MSCP planning area as 
34 far north as the Bill Williams River NWR and Planet Ranch, where the black rail was 
35 first located in 1978 (Rosenberg et al. 1991; Eddleman et al. 1994; Arizona Game and 
36 Fish Department 1996c), and 15 were detected there in 2000 (Conway et al. 2002). 

37 Population Status and Reasons for Decline 

38 California black rail populations declined substantially between the 1920s and 1970s as a 
39 result of the loss and degradation of coastal salt and inland freshwater marshes 
40 (Eddleman et al. 1994; California Department of Fish and Game 1991).  Along the LCR, 
41 black rail populations declined an estimated 30% between 1973 and 1989, with the 
42 majority of birds shifting from north of Imperial Dam  to Mittry Lake during the same  
43 period (Eddleman et al. 1994).  Rosenberg et al. (1991) reported that black rails appear to 

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program I-46 
Final Appendices to Volumes I–III and V J&S 00450.00 

 

Status of LCR MSCP Covered Species 

http:00450.00


  

 

 

Status of LCR MSCP Covered Species 

1 be stable along the LCR, with approximately  100–200 individuals estimated to occur 
2 from Imperial NWR south to Mittry Lake.  Surveys in 2000 detected 136 individuals, 
3 mostly from Imperial Dam  to Mittry Lake, as well as an isolated population of at least 
4 15 along the upper Bill Williams River (Conway  et al. 2002).  The loss of habitat from  
5 the lining of canals that eliminate seeps and the filling and/or development of marshes 
6 has contributed to the decline of local populations (Conway et al. 2002). 

7 Current Threats to Species Survival 

8 Loss and degradation of wetlands are the primary threats to the California black rail 
9 (Arizona Game and Fish Department 1996c).  Along the LCR, black rails are threatened 

10 by the bulldozing of marsh vegetation, which is done to minimize evapotranspiration, and 
11 by the lining of irrigation canals, which eliminates shallow wetlands fed by seepage 
12 (Eddleman et al. 1994; Conway et al. 2002).  Because of strict water depth requirements, 
13 any additional management actions that cause significant or long-term fluctuations of 
14 water levels also threaten this species (Flores and Eddleman 1995).  The effect of 
15 selenium on black rails remains unknown, but toxic levels of this heavy metal may also 
16 threaten black rail populations in the LCR MSCP planning area (Arizona Game and Fish 
17 Department 1996c; Eddleman et al. 1994; Flores and Eddleman 1991). 

18 Management Needs 

19 Management needs for the black rail include the protection and enhancement of existing 
20 rail habitat and the creation of new shallow-water wetlands that have gently sloping 
21 shorelines, flat bottoms, and stable water levels.  Other management needs include the 
22 continued monitoring of black rail distribution and abundance, further research into black 
23 rail productivity and potential dispersal ability, and long-term  monitoring of heavy metal 
24 (selenium) content in eggs and tissues (Arizona Game and Fish Department 1996c; Flores 
25 and Eddleman 1991).  Because black rails are permanent marsh residents, the effects of 
26 management practices such as dredging, prescribed burning, and water level 
27 manipulations should be carefully considered year-round.  Activities that may induce 
28 stress in black rail populations should be avoided in winter months when food availability  
29 and body weights are low.  Seasonal fluctuations in invertebrate and seed resources 
30 should be considered when developing future black rail management plans (Flores and 
31 Eddleman 1991).  Recovery plans for this species should address the effects of 
32 development, land use practices, and wetland modification on black rail habitat.  Further 
33 research that addresses population parameters and the winter ecology of black rails 
34 should also be emphasized (Eddleman et al. 1994).  

35 Existing Management Actions 

36 The California black rail has been designated as a priority species for marsh by  the 
37 Arizona Partners in Flight (Latta et al. 1999).  Partners in Flight is an international 
38 cooperative program of agencies, organizations, and individuals committed to conserving 
39 neotropical migratory birds.  The Arizona Partners in Flight is a subgroup of this  
40 international program.  Its goal is to maintain healthy  populations of neotropical 
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Status of LCR MSCP Covered Species 

1 migratory birds and their habitats in Arizona and adjacent lands in Mexico through 
2 cooperative projects involving management, research, monitoring, and education. 

3 In addition to the specific management actions listed above, a wide variety of habitat-
4 based management actions are ongoing throughout the LCR Basin.  Most of these actions 

are small-scale projects that focus on the restoration/enhancement of native riparian, 
6 riverine, and marsh areas.  Cumulatively, these actions have the potential to aid 
7 significantly in efforts to conserve the California black rail. 

8 Recovery Goals 

9 There are no agency-mandated recovery goals for the California black rail. 

I.1.2.8 Yellow-Billed Cuckoo (Coccyzus americanus 
11 occidentalis) 

12 Legal Status 

13 The yellow-billed cuckoo is a USFWS candidate species for listing under the ESA and is 
14 listed as endangered under CESA. 

Other Status 

16 The yellow-billed cuckoo is also: 

17   a G5 (global rank) and an S3 (state rank) in the Arizona Heritage Data Management 
18 System, 

19  a wildlife species of special concern in Arizona, 

 a G5 (global rank) and an S1 (state rank) in the CNDDB, and 

21  a G5 (global rank) and an S1 (state rank) under the Nevada Natural Heritage 
22 Program. 

23 Species Distribution 

24 Historically, the yellow-billed cuckoo was a fairly common breeding species throughout 
the river bottoms of the western United States and southern British Columbia (Gaines and 

26 Laymon 1984).  As a result of the loss of riparian woodland, the cuckoo has become an 
27 uncommon to rare summer resident in scattered locations throughout its former range.  
28 Along the LCR, the loss of cottonwood-willow has caused dramatic declines in the 
29 number of yellow-billed cuckoos.  The largest remaining breeding population in the LCR 
30 MSCP planning area is located at Bill Williams Delta (Halterman 2001, 2002; Rosenberg 
31 et al. 1991). 
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Status of LCR MSCP Covered Species 

1 Habitat Requirements and Special Considerations 

2 Habitat loss along the LCR in recent decades has eliminated much potential habitat for 
3 yellow-billed cuckoos, and, because of their large territory requirements, nesting pairs 
4 primarily use larger stands of riparian forest (i.e., greater than 10 ha [25 acres]) 
5 (Halterman pers. comm.).  Habitat width is another important factor in the cuckoos’ 
6 selection of nesting territories.  Cuckoos maintain larger territories than many birds of 
7 comparable size (Platt 1975).  Gaines (1974) found very few cuckoos where suitable 
8 habitat was less than 100 metes (328 feet) wide and patch size was less than 10 ha 
9 (25 acres).  Galli et al. (1976) found cuckoos rarely present in patches of suitable habitat 

10 less than 24 ha (59 acres).  Using radio-telemetry, (Laymon and Halterman 1987) 
11 determined that yellow-billed cuckoos have large home ranges, averaging 17 ha 
12 (42 acres).  Studies along the LCR and throughout their range have shown that small 
13 willow-cottonwood stands (i.e., less than 40 ha [99 acres]) have low rates of occupancy, 
14 whereas large sites (i.e., greater than 80 ha [198 acres]) have the highest occupancy rates.  
15 Laymon and Halterman (1989) defined optimal stands as greater than 80 ha (198 acres) in 
16 extent and greater than 600 meters (1,968 feet) wide, marginal stands as 20–40 ha (49– 
17 99 acres) in extent and 100–200 meters (328–656 feet) wide, and unsuitable stands as less 
18 than 15 ha (37 acres) in extent and less than 100 metes (328 feet) wide.  However, more 
19 recent studies found that 25 acres is an appropriate minimum patch size (Halterman pers. 
20 comm.).  Willows or isolated cottonwoods mixed with tall mesquites are used to a lesser 
21 extent (Rosenberg et al. 1991).  Monotypic stands of saltcedar are generally not inhabited 
22 by cuckoos (Halterman pers. comm.).  The yellow-billed cuckoo arrives on its breeding 
23 grounds in mid- to late-June and departs by the end of August, spending only about one 
24 quarter of its annual cycle on its breeding territory.  As a midsummer breeder, the cuckoo 
25 faces extremely high temperatures that could easily kill eggs not protected by behavioral 
26 or physiological cooling mechanisms.  To counter these midsummer temperatures, the 
27 cuckoo is a nest-site specialist, choosing stands of mature cottonwoods that have a 
28 subcanopy layer of willows that provide thermal refuge for the nest.  The restriction of 
29 this species’ breeding to the midsummer period is thought to be in response to a seasonal 
30 peak in large insect abundance, (e.g., cicadas, which dominate the cuckoo’s diet).  
31 Mantids, grasshoppers, and caterpillars are also important food resources for the cuckoo.  
32 Cuckoos will occasionally consume lizards and tree frogs (Rosenberg et al. 1991). 

33 Regionally Significant Populations in the LCR MSCP 
34 Planning Area 

35 The breeding population of the yellow-billed cuckoo adjacent to the LCR MSCP 
36 planning area at the Bill Williams River NWR is considered regionally significant 
37 (Halterman 2001; Rosenberg et al. 1991).  The Bill Williams River NWR has historically 
38 been a stronghold for yellow-billed cuckoos in the southwest, and it currently supports 
39 the largest population in western Arizona and along the LCR (Halterman 2001; 
40 Rosenberg et al. 1991).  Because of the important biological role the LCR plays in the 
41 cuckoo’s demographics, rangewide recovery of this species may not be possible without 
42 the significant recovery of cuckoo populations in the LCR MSCP planning area.  All 
43 populations in the LCR MSCP planning area are considered regionally significant.  Since 
44 1996, nesting pairs also have been documented within the LCR MSCP planning area at 
45 the Virgin River Delta (Reach 1), Cibola NWR (Reach 4), Imperial NWR, Picacho State 
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1 Recreation Area (Reach 5), Ehrenberg (Reach 4), Walker Lake, Gila/Colorado River 
2 confluence, and Gadsden Bend (Halterman 2001, 2002; McKernan and Braden 2002;  
3 Halterman pers. comm.).  Results of surveys in Reach 7 were inconclusive (McKernan 
4 and Braden 2002).  Unmated birds have been observed at the Virgin River Delta 
5 (McKernan and Braden 2002). 

6 Population Status and Reasons for Decline 

7 Yellow-billed cuckoos were fairly common and widespread in riparian systems 
8 throughout the western United States up until the early 1900s.  Since then, this species 
9 has decreased substantially in abundance.  Surveys conducted in California during 1986 

10 and 1987 found 31–42 breeding pairs along the upper Sacramento River, the Feather 
11 River, the south fork of the Kern River, and along the Santa Ana, Amargosa, and lower 
12 Colorado Rivers (California Department of Fish and Game 1991).  This represents a 66– 
13 81% decline from 1977 surveys, when there were an estimated 122–163 pairs. 

14 Along the LCR, there was an estimated 93% decline in cuckoos between 1976, when 
15 surveys documented 242 individuals, and 1986, when the population was estimated at 
16 18 individuals based on loss of previously occupied habitat (Rosenberg et al. 1991; 
17 Hunter pers. comm.).  Gaines and Laymon (1984) documented about 65 pairs of yellow-
18 billed cuckoos along the LCR in 1977, when more than 4,000 ha (10,000 acres) of 
19 suitable nesting habitat still existed there (Hunter et al. 1987).  At the Bill Williams Delta, 
20 cuckoos decreased about 75% during the same surveys, with only 50–60 cuckoos 
21 remaining in 1986.  This population has fluctuated but continued to decline in recent 
22 years:  1993 (22–29 pairs), 1994 (26–32 pairs), 1997 (12–15 pairs), 1998 (20–25 pairs), 
23 1999 (6–9 pairs), and 2000 (10–13 pairs) (Halterman 2001).  It is possible that the 
24 reduction of mature, dense riparian cover in association with standing water has reduced 
25 the thermal conditions necessary for successful breeding by this species (Rosenberg et al. 
26 1991).  Other adverse impacts to cuckoos include water projects that alter riparian 
27 vegetation, agricultural activities, pesticides and other contaminants, livestock grazing, 
28 and off-road vehicle use (California Department of Fish and Game 1991). 

29 Current Threats to Species Survival 

30 The primary threat to this species’ survival is the continued loss, degradation, and 
31 fragmentation of mature cottonwood-willow vegetation.  Major threats to this vegetation 
32 type include reclamation, flood control, and irrigation projects; habitat loss as a result of 
33 urbanization and agricultural activities; and the continued invasion of nonnative saltcedar 
34 into riparian areas.  Exposure to pesticides and other contaminants on wintering and 
35 breeding grounds, as well as livestock grazing and off-road vehicle use within riparian 
36 areas, also continues to threaten this species’ survival (Rosenberg et al. 1991; California 
37 Department of Fish and Game 1991; Gaines and Laymon 1984). 
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1 Management Needs 

2 Protection and restoration of cottonwood-willow should be the primary management 
3 strategy for this species (Hunter et al. 1987; California Department of Fish and Game 
4 1992).  Riparian areas should be evaluated for their restoration potential along the entire 

LCR.  Protected areas should be managed to minimize impacts to the cuckoo in 
6 consideration of the ecological requirements of other sensitive riparian species.  Habitat 
7 management may include removal of exotic vegetation, changes in recreational use and 
8 livestock grazing regimes, and prohibitions on the use of pesticides in or adjacent to 
9 riparian areas.  Federal listing of the yellow-billed cuckoo in the western United States as 

endangered might also allow for more effective conservation and management of this 
11 species.  Periodic surveys (e.g., at 4-year intervals) and continued research into the 
12 breeding biology and other life history requirements of the yellow-billed cuckoo should 
13 also be incorporated into management plans (California Department of Fish and 
14 Game 1992). 

Existing Management Actions 

16 The yellow-billed cuckoo is a covered species under the Clark County MSHCP (Regional 
17 Environmental Consultants 1998).  Existing and proposed conservation measures for this 
18 species include general and ecosystem level actions for lowland riparian areas, including 
19 riparian vegetation protection, monitoring, restoration and enhancement, and acquisition 

from willing sellers.  The BLM has responsibility for the following conservation 
21 measures, as identified in the Clark County MSHCP (Regional Environmental 
22 Consultants 1998):  cooperate with NDOW and Clark County I&M Committee to 
23 implement surveys to determine the distribution, abundance, and potential threats to the 
24 yellow-billed cuckoo and other riparian-dependent species.  The NPS has responsibility 

for the following conservation measures, as identified in the Clark County MSHCP 
26 (Regional Environmental Consultants 1998):  develop information on the distribution of 
27 the yellow-billed cuckoo in the LCR MSCP planning area; conduct spring surveys to 
28 document breeding and nesting activities in southern Nevada; and protect existing areas 
29 of riparian vegetation.  Arizona Partners in Flight (Latta et al. 1999) and California 

Partners in Flight (Riparian Habitat Joint Venture 2000) conservation plans have 
31 designated the yellow-billed cuckoo as a priority species for riparian vegetation.  The 
32 California riparian conservation plan targets the California side of the LCR as a priority 
33 area for protection, management, and restoration of cuckoo habitat.  In addition, a wide 
34 variety of habitat-based management actions are ongoing throughout the LCR Basin.  

Most of these actions are small-scale projects that focus on the restoration/enhancement 
36 of native riparian, riverine, and marsh areas.  Cumulatively, these actions have the 
37 potential to aid significantly in efforts to conserve the yellow-billed cuckoo. 

38 Relatively small projects to restore cottonwood-willow stands as habitat for wildlife have 
39 been implemented in the LCR MSCP planning area in recent decades.  Although Ohmart 

(1994) reported that many cottonwood-willow restoration projects have not been 
41 successful in the creation of large habitat patches on the LCR, recent discoveries of avian 
42 use of restoration sites indicate that flood irrigation of sites may be the key to attracting 
43 more avian species than has been previously noted.  The following LCR MSCP species 
44 have been documented using restoration sites at either Cibola NWR, Pratt Restoration 

Site near Yuma, Arizona, or at Imperial NWR’s cottonwood nursery: willow flycatcher, 
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1 yellow-billed cuckoo, vermilion flycatcher, Bell’s vireo, yellow warbler, and summer 
2 tanager (Raulston pers. comm.). 

3 I.1.2.9 Elf Owl (Micrathene whitneyi) 

4 Legal Status 

5 The elf owl is listed as endangered under CESA and is Nevada State Protected. 

6 Other Status 

7 The elf owl is also: 

8  a G5 (global rank) and an S5 (state rank) in the Arizona Heritage Data Management 
9 System, and 

10  a G5 (global rank) and an S1 (state rank) in the CNDDB. 

11 Species Distribution 

12 The elf owl breeds in the southwestern United States, Baja California, Mexico, and 
13 northern mainland Mexico (Henry and Gelbach 1999).  In the United States, it is found in 
14 extreme southern Nevada, central Arizona, southwestern New Mexico, western Texas, 
15 and the southeastern corner of California (Henry and Gelbach 1999).  In winter, it 
16 migrates south to Baja California, Mexico, mainland Mexico, and the Rio Grande Valley 
17 in Texas.  In California, it is a very rare and local summer resident in riparian vegetation 
18 along the LCR, which lies at the western edge of its range (Rosenberg et al. 1991).  Small 
19 numbers of elf owls can be found at the Fort Mohave area, especially the Soto Ranch, 
20 Bill Williams River NWR, Headgate Rock Dam, Wilson Road 1.2 miles east of Highway 
21 95, Waterwheel Camp 13 miles north of Blythe, Aha Quin trailer park 11 miles north of 
22 Blythe, near Ehrenberg, Walter’s Camp, elsewhere in Cibola NWR, and at Picacho State 
23 Park, California (Halterman et al. 1989).  It used to be present south of Yuma. 

24 Habitat Requirements and Special Considerations 

25 The elf owl is the smallest owl in the world, measuring 5–6 inches long (Henry and 
26 Gelbach 1999).  Elf owls are found in saguaro deserts, wooded canyons, and riparian 
27 forests of southwestern North America.  Along the LCR, elf owls are found in 
28 cottonwood-willow woodlands and tall mesquite groves with remnant cottonwood or 
29 willow snags (Rosenberg et al. 1991).  Elf owls eat spiders, scorpions, and insects, 
30 including moths, beetles, and crickets (Henry and Gelbach 1999).  They forage by flying 
31 over open ground, sometimes hovering above the prey or pursuing it on the ground.  The 
32 elf owl is a rare local summer breeding resident from March to September along the LCR 
33 (Rosenberg et al. 1991).  Along the Colorado River, nests are placed in riparian areas in 
34 abandoned woodpecker holes in larger trees that have thick walls for insulation against 
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1 the daytime heat (Johnsgard 1988; California Department of Fish and Game 1991).  
2 Males are territorial, arriving as early as late March to defend potential nest sites and to 
3 entice the later arriving females to nest (Henry and Gelbach 1999).  Peak breeding season 
4 is April and May.  Young are ready to leave the nest by late June or early July, and the 
5 owls migrate south by October (California Department of Fish and Game 1991).  

6 Regionally Significant Populations in the LCR MSCP   
7 Planning Area 

8 All populations in the LCR MSCP planning area are considered regionally significant.  
9 Small populations of elf owls occur at Bill William’s NWR (adjacent to the LCR MSCP 

10 planning area), near Needles, north of Blythe, in the Fort Mohave area, and near Cibola 
11 NWR (Rosenberg et al. 1991).  Elf owl populations approximately  1 mile south and west 
12 of the California-Arizona-Nevada border junction contain the majority of the birds that 
13 remain in California. 

14 Population Status and Reasons for Decline 

15 The population status of the elf owl depends directly on available nesting holes made by 
16 woodpeckers and on sufficient rainfall and warmer temperatures that increase arthropod 
17 prey  populations during the breeding season (Henry  and Gelbach 1999).  In California, at 
18 the extreme northwest edge of its range, the elf owl is likely declining in the few desert 
19 riparian areas that it occupies (Halterman et al. 1989).  There may also be a general 
20 decline in Arizona, although it may be increasing its range in north-central Arizona and 
21 western New Mexico.  It is difficult to determine the species’ overall status in the 
22 Southwest.  The elf owl was probably  never a common or widespread species along the 
23 LCR (Rosenberg et al. 1991).  Surveys of riparian areas on the California side of the LCR 
24 in 1987 reported between 15 and 25 owls at 10 sites (Halterman et al. 1989).  Population 
25 estimates in California for the early 1990s were 17–25 breeding pairs (California 
26 Department of Fish and Game 1991; Rosenberg et al. 1991).  The only reports from the 
27 California side of the LCR during 2000–2002  were of a confirmed breeding pair at 
28 Picacho State Park in 2000 (McKernan and Braden 2002) and 1–2 birds at the Soto  
29 Ranch in 2002.  Although the elf owl has probably never been common, it has declined as 
30 a result of the loss of mature riparian vegetation and saguaro desert (California 
31 Department of Fish and Game 1991; Rosenberg et al. 1991).  The habitat loss is 
32 attributed to agricultural development, river channeling, and flooding (California 
33 Department of Fish and Game 1991). 

34 Current Threats to Species Survival 

35 This species is threatened by continued loss of breeding habitats along the LCR 
36 (California Department of Fish and Game 1991). 
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Status of LCR MSCP Covered Species 

1 Management Needs 

2 It is necessary to protect remaining riparian vegetation along the LCR to maintain 
3 breeding elf owls in California (California Department of Fish and Game 1991).  The 
4 breeding elf owl population should be monitored regularly to determine its status.  
5 Enhancement of riparian vegetation by removing exotic vegetation and restoring native 
6 vegetation would benefit elf owl populations. 

7 Existing Management Actions 

8 Relatively small projects to restore cottonwood-willow stands as habitat for wildlife have 
9 been implemented in the LCR MSCP planning in recent decades.  Although Ohmart 

10 (1994) reported that many  cottonwood-willow restoration projects have not been 
11 successful in the creation of large habitat patches on the LCR, recent discoveries of avian 
12 use of restoration sites indicate that flood irrigation of sites may be the key to attracting 
13 more avian species than has been previously noted.  The following LCR MSCP species 
14 have been documented using restoration sites at either Cibola NWR, Pratt Restoration 
15 Site near Yuma, Arizona or at Imperial NWR’s cottonwood nursery: willow flycatcher, 
16 yellow-billed cuckoo, vermilion flycatcher, Bell’s vireo, yellow warbler, and summer 
17 tanager (Raulson pers. comm.). 

18 Recovery Goals 

19 There are no agency-mandated recovery goals for the elf owl. 

20 I.1.2.10 Gilded Flicker (Colaptes chrysoides) 

21 Legal Status 

22 The gilded flicker is listed as endangered under CESA. 

23 Other Status 

24 The gilded flicker is also: 

25  a G5 (global rank) and an S5 (state rank) in the Arizona Heritage Data Management 
26 System, and 

27  a G5 (global rank) and an S1 (state rank) in the CNDDB. 

28 Species Distribution 

29 The gilded flicker occurs along the LCR Valley in southern Arizona and southeastern 
California (Rosenberg et al. 1991).  In California, the gilded flicker is a rare resident 
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1 along the Colorado River, especially north of Blythe (Garrett and Dunn 1981; Rosenberg 
2 et al. 1991; California Department of Fish and Game  1991).  Outside the LCR, 
3 California’s only other population is restricted to Joshua tree woodlands of the eastern 
4 Mojave Desert near Cima  Dome and the Lanfair Valley in California, but its status and 
5 trend are incompletely known (Garrett and Dunn 1981; California Department of Fish 
6 and Game 1991; Sterling pers. comm.).  Along the LCR, Grinnell (1914) found gilded 
7 flickers only  within 6 miles north of Laguna Dam, and, with the exception of two pairs 
8 nesting in drowned cottonwood stumps, the birds were associated with stands of saguaro 
9 cacti.  Other historical records from Fort Mohave suggest that the gilded flicker was more  

10 widespread in riparian areas all along the Colorado River Valley (Grinnell 1914), but, in  
11 recent years, it is common only in the Bill Williams Delta (Rosenberg et al. 1991).  The 
12 fact the Grinnell failed to find this species farther north indicates that there may have 
13 been only a small population along the LCR at the time.  The LCR represents the western 
14 edge of the species’ range south of the isolated Mojave population, and it was never 
15 documented from the Salton Sink (Patten et al. 2003).  

16 Habitat Requirements and Special Considerations 

17 The desert-dwelling gilded flicker is found in saguaro deserts, mature cottonwood-willow 
18 riparian forests, and occasionally in mesquite areas with tall snags during the breeding 
19 season (California Department of Fish and Game 1991; Rosenberg et al. 1991).  A special 
20 habitat requirement for the gilded flicker  is soft wood for building nest cavities (e.g., 
21 large cottonwoods, willows, or saguaro) (Rosenberg et al. 1991; Moore 1995; Hunter 
22 pers. comm.).  Gilded flickers forage primarily on the ground for ants and termites 
23 (Rosenberg et al. 1991).  They will also eat mistletoe berries, cactus fruits, and other wild 
24 berries but seldom forage in trees for insects as other woodpecker species often do 
25 (Terres 1980; Rosenberg et al. 1991).  Breeding begins in February, and two broods are 
26 usually raised in a year, with fledglings in  late May and in July (Rosenberg et al. 1991).   
27 Cavities for nesting are usually excavated in saguaros, cottonwoods, and willows.  
28 Saguaros are preferred nesting sites, and riparian trees are usually used only when 
29 saguaros are unavailable.  Gilded flickers rarely nest near human dwellings. 

30 Regionally Significant Populations in the LCR MSCP   
31 Planning Area 

32 Gilded flicker populations along the California-Arizona border are considered regionally  
33 significant.  Adjacent to the LCR MSCP planning area, the gilded flicker is still fairly  
34 common at Bill Williams Delta, especially in adjacent desert uplands with saguaro.  It is 
35 rare within the LCR MSCP planning area, with small numbers persisting at Fort Mohave, 
36 the Colorado River Indian Reservation, Topock Marsh, Lake Havasu, near Ehrenberg, 
37 Walker Lake, between Imperial and Laguna Dams, and at Cibola and Imperial NWRs.  
38 (McKernan and Braden 2002). 
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Status of LCR MSCP Covered Species 

1 Population Status and Reasons for Decline 

2 The gilded flicker occurs along the LCR as a locally rare to uncommon year-round 
3 resident and summer breeder (Rosenberg et al. 1991).  It was historically more common.  
4 The entire population along the LCR in Arizona and California was estimated to be about 

270 individuals in 1983 surveys, with fewer than 100 birds occurring outside of the Bill 
6 Williams Delta.  However, in the Arizona Sonoran desert east of the Colorado River, the 
7 gilded flicker is still common.  In California, there were an estimated 40 gilded flickers 
8 along the LCR in 1984 (California Department of Fish and Game 1991), but none were 
9 observed during 1986 surveys.  The decline of the gilded flicker along the LCR is 

attributed to the loss of upland saguaro deserts and mature riparian forests (California 
11 Department of Fish and Game 1991).  Reported competition between the gilded flicker 
12 and Gila woodpecker for nest sites (Brenowitz 1978; Rosenberg et al. 1991) probably 
13 reflects a shortage of cavities and cavity-producing snags where these species occur.  
14 Research indicated that the exotic European starling does not compete with the gilded 

flicker for nest cavities as it does with other species such as the Gila woodpecker (Kerpez 
16 and Smith 1990).  Other threats to the woodpecker include water and flood control 
17 projects, agricultural operations, livestock grazing, the introduction of exotic plants into 
18 native systems, and off-road vehicle activity. 

19 Current Threats to Species Survival 

The gilded flicker is threatened along the LCR by the loss and fragmentation of nesting 
21 and foraging habitat, and habitat degradation from water and flood control projects, 
22 agricultural operations, livestock grazing, the introduction of exotic plants, and off-road 
23 vehicle activity. 

24 Management Needs 

To effectively manage gilded flickers along the LCR, existing riparian vegetation and 
26 saguaro deserts should be protected through acquisition, cooperative agreements, 
27 conservation easements, and control of river flows (California Department of Fish and 
28 Game 1991).  Riparian reforestation and enhancement would also be beneficial.  The 
29 removal of exotic plants such as saltcedar would enhance disturbed riparian areas.  There 

should be regular surveys to determine the distribution and abundance of gilded flickers, 
31 the quality and extent of their habitat, and potential threats to individuals or their habitat. 

32 Existing Management Actions 

33 Relatively small projects to restore cottonwood-willow stands as habitat for wildlife have 
34 been implemented in the LCR MSCP planning in recent decades.  Although Ohmart 

(1994) reported that many cottonwood-willow restoration projects have not been 
36 successful in the creation of large habitat patches on the LCR, recent discoveries of avian 
37 use of restoration sites indicate that flood irrigation of sites may be the key to attracting 
38 more avian species than has been previously noted.  The following LCR MSCP species 
39 have been documented using restoration sites at either Cibola NWR, Pratt Restoration 
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1 Site near Yuma, Arizona or at Imperial NWR’s cottonwood nursery: willow flycatcher, 
2 yellow-billed cuckoo, vermilion flycatcher, Bell’s vireo, yellow warbler, and summer 
3 tanager (Raulson pers. comm.). 

4 Recovery Goals 

5 There are no agency-mandated recovery goals for the gilded flicker. 

6 I.1.2.11 Gila Woodpecker (Melanerpes uropygialis) 

7 Legal Status 

8 The Gila woodpecker is listed as endangered under CESA. 

9 Other Status 

10 The Gila woodpecker is also: 

11  a G5 (global rank) and an S5 (state rank) in the Arizona Heritage Data Management 
12 System, and 

13  a G5 (global rank) and an S1S2 (state rank) in the CNDDB. 

14 Species Distribution 

15 Gila woodpeckers occur in the extreme southwestern United States and south into Baja 
16 California, Mexico, and central Mexico (Terres 1980).  In the United States, they inhabit 
17 Arizona, southeastern California, southwestern Nevada, and southwestern New Mexico.  
18 Gila woodpeckers are a year-round resident in the few remaining stands of mature 
19 riparian forest and in a few residential areas along the LCR Valley (Rosenberg et al. 
20 1991).  They  also occurred in groves and ranch yards having tall trees south of the Salton 
21 Sea, including residential areas in Brawley, Imperial County (Patten et al. 2003; Garrett 
22 and Dunn 1981).  Gila woodpeckers are now limited to several localities along the LCR 
23 between Needles and Yuma (California Department of Fish and Game 1991). 

24 Habitat Requirements and Special Considerations 

25 Gila woodpeckers are closely associated with saguaros or large trees that they use for 
26 nesting (Rosenberg et al. 1991).  They are most common in the desert mesas of Arizona 
27 (Terres 1980).  In California, they are found primarily in mature riparian vegetation, 
28 although they also use mesquite stands, orchards, and tall cultivated trees for nesting 
29 (Garrett and Dunn 1981; Rosenberg et al. 1991).  All Gila woodpecker nests found in 
30 trees in the Bill Williams Delta in 1977–78 were in dead branches or broken top snags of 
31 cottonwoods or willows (Rosenberg et al. 1991), indicating the value of cottonwood and 
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1 willow snags to this species.  Gila woodpeckers are important cavity excavators for a 
2 variety  of secondary cavity-nesting bird species, including several other covered species 
3 (e.g., elf owl, gilded flicker).  Gila woodpeckers eat mostly insects, such as grasshoppers, 
4 beetles, ants, and grubs (Terres 1980).  They also eat bird eggs, fruit from orchards, 
5 mistletoe berries, cactus pulp, saguaro fruits, and corn (California Department of Fish and 
6 Game 1991).  Nesting cavities are excavated high in trees or saguaros and may be used 
7 for more than one season, unless taken over by  owls or European starlings.  Breeding 
8 begins in February with pairing and territorial chasing.  Young are dependent on parents 
9 for an extended period of time after fledging, although 2–3 broods can be raised in a 

10 season  (Rosenberg et al. 1991).  Pairs in riparian areas tend to successfully raise more 
11 than one brood, each with 4–5 young.  In other vegetation communities, Gila 
12 woodpeckers tend to have high rates of nest failure as a result of the eviction of adults 
13 and eggs from nesting cavities by aggressive starlings. 

14 Regionally Significant Populations in the LCR MSCP   
15 Planning Area 

16 The LCR is a significant part of the Gila woodpecker’s range in California, and the only  
17 other California population resides in a few residential areas in the Imperial Valley  
18 (Garrett and Dunn 1981; Patten et al. 2003).  All populations in the LCR MSCP planning  
19 area are considered regionally significant.  Adjacent to the LCR MSCP planning area, the 
20 Bill Williams River NWR holds the largest population within the LCR region; but within 
21 the LCR MSCP planning  area, small populations persist in several locations including 
22 Needles, along the Parker strip, near Blythe, Cibola NWR, Picacho SRA, and the 
23 Imperial and Laguna Dam  areas (Rosenberg et al. 1991). 

24 Population Status and Reasons for Decline 

25 The Gila woodpecker was formerly more widespread and abundant along the LCR north 
26 to southern Nevada but is currently restricted to remnant native riparian areas as well as 
27 parks and golf courses with tall trees (Rosenberg et al. 1991).  In 1984, an estimated 
28 200 individuals occurred in California along the LCR (California Department of Fish and 
29 Game 1991).  Relatively low reproductive success was documented for 27 monitored 
30 pairs during this time.  Including the Arizona population of Gila woodpeckers along the 
31 LCR, there is an estimated total population of about 1,000 individuals (Rosenberg et al. 
32 1991).  The Gila woodpecker is declining in California as a result of the loss and 
33 degradation of mature riparian vegetation and saguaro deserts along the LCR (Garrett and 
34 Dunn 1981; California Department of Fish and Game 1991; Rosenberg et al. 1991).  
35 Some areas along the LCR, such as Needles and the Parker strip, have small populations 
36 that appear to have declined (Rosenberg et al. 1991; Sterling pers. comm.). 

37 Gila woodpeckers appear to require large blocks of riparian vegetation for nesting; 
38 isolated patches of riparian vegetation less than 49 acres do not support this species 
39 (Rosenberg et al. 1991).  Although a number of Gila woodpeckers may occur in  
40 residential and park areas with tall trees, they have low reproductive success in these 
41 areas because of competition for nesting cavities with the introduced European starling 
42 (Rosenberg et al. 1991).  Gila woodpeckers are also susceptible to territorial aggression 
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1 from gilded flickers (Brenowitz 1978; Rosenberg et al. 1991).  Gila woodpecker nest 
2 sites in patchy riparian stands with high edge-to-interior ratios (e.g., small or linear 
3 stands) are highly susceptible to aggressive European starlings, greatly reducing 
4 woodpecker productivity in narrow or small riparian stands (Brenowitz 1978; Kerpez and 

Smith 1990; Rosenberg et al. 1991; Edwards and Schnell 2000).  This territorial behavior 
6 is based on competition for limited nest cavity sites.  Other potential threats faced by this 
7 species include water and flood control projects, agricultural operations, introduced 
8 predators, livestock grazing, and the introduction of exotic plants into riparian systems 
9 (California Department of Fish and Game 1991). 

Current Threats to Species Survival 

11 This species is threatened along the LCR by the loss and fragmentation of breeding 
12 habitat, water and flood control projects, predation, competition with introduced starlings 
13 for nest cavities, and habitat degradation from agriculture, livestock grazing, and exotic 
14 plant introduction (California Department of Fish and Game 1991). 

Management Needs 

16 To manage for the Gila woodpecker, it is necessary to preserve existing riparian 
17 woodland along the LCR through acquisition, cooperative agreements, conservation 
18 easements, and control of river flows (California Department of Fish and Game 1991).  
19 Riparian reforestation and enhancement of disturbed riparian vegetation will benefit this 

species.  European starling control may benefit nesting pairs that are susceptible to 
21 competition for nest sites (Kerpez and Smith 1990).  Removal of exotic species, 
22 especially saltcedar, will also enhance riparian vegetation.  Regular surveys should be 
23 conducted to determine the distribution and abundance of Gila woodpeckers, evaluate the 
24 quality and extent of habitat, and document potential threats to birds or their habitat. 

Existing Management Actions 

26 Relatively small projects to restore cottonwood-willow stands as habitat for wildlife have 
27 been implemented in the LCR MSCP planning in recent decades.  Although Ohmart 
28 (1994) reported that many cottonwood-willow restoration projects have not been 
29 successful in the creation of large habitat patches on the LCR, recent discoveries of avian 

use of restoration sites indicate that flood irrigation of sites may be the key to attracting 
31 more avian species than has been previously noted.  The following LCR MSCP species 
32 have been documented using restoration sites at either Cibola NWR, Pratt Restoration 
33 Site near Yuma, Arizona or at Imperial NWR’s cottonwood nursery: willow flycatcher, 
34 yellow-billed cuckoo, vermilion flycatcher, Bell’s vireo, yellow warbler, and summer 

tanager (Raulson pers. comm.). 

36 Recovery Goals 

37 There are no agency-mandated recovery goals for the Gila woodpecker. 
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1 I.1.2.12 Vermilion Flycatcher (Pyrocephalus rubinus) 

2 Legal Status 

3 The vermillion flycatcher has no legal status. 

4 Other Status 

5 The vermillion flycatcher is a species of special concern in California (California 
6 Department of Fish and Game 1999). 

7 Species Distribution 

8 The breeding range of vermilion flycatchers in the United States includes southeastern 
9 California, extending east throughout southern Nevada, Arizona, New Mexico, and Texas 

10 then south to include most of Mexico and Central and South America (National 
11 Geographic Society  1987; Sauer et al. 1997; American Ornithologists’ Union 1998).  The 
12 LCR MSCP planning area below Hoover Dam is near the northwestern edge of its range.  
13 It has a very rare and local distribution along the LCR; the highest numbers of individuals 
14 predictably occur at the Bill Williams Delta (Rosenberg et al. 1991). 

15 Habitat Requirements and Special Considerations 

16 Nesting habitat along the LCR usually includes groves of cottonwood-willow bordered 
17 by honey mesquite, open water, and pastures (Rosenberg et al. 1991).  The species 
18 historically  occurred along the LCR where large clearings had been opened in the 
19 cottonwood stands near Yuma (Grinnell 1914).  It has never been reported to use the 
20 extensive, dry honey mesquite woodlands found from Parker to Ehrenberg, though 
21 vermilion flycatcher is a common breeder in this vegetation type in eastern and south-
22 central Arizona.  Its winter habitat is similar to nesting habitat but also includes 
23 agricultural areas around heavily  vegetated sites of human habitation that are far from  
24 riparian woodlands (Rosenberg et al. 1991).  Open water may be an important nesting 
25 habitat component because of the emergence of aquatic insects for prey, as these 
26 flycatchers are often observed foraging  just above water (Ehrlich et al. 1988). 

27 Vermilion flycatchers are central-place foragers that usually fly out from  a fixed perch 
28 and employ aerial sally maneuvers to capture prey.  Their diet along the LCR probably  
29 consists of bees, wasps, flies, beetles, and grasshoppers (Rosenberg et al. 1991). 

30 Nests of this species are inconspicuous and usually found deep in a tree fork or on 
31 horizontal branches of cottonwood, willow, and mesquite; exotic trees are sometimes 
32 used for nest sites in residential areas.  Nest height may vary from 7 to 36 feet above the 
33 ground (Ehrlich et al. 1988; Rosenberg et al. 1991).  Nests are flat and composed of dead 
34 twigs, forb stalks, fine grasses, rootlets, dry  leaves, lichens, bark, cocoons, and spider silk 
35 (Harrison 1979). 

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program I-60 
Final Appendices to Volumes I–III and V J&S 00450.00 

 

Status of LCR MSCP Covered Species 

http:00450.00


  

 

 

Status of LCR MSCP Covered Species 

1 Regionally Significant Populations in the LCR MSCP   
2 Planning Area 

3 Most nesting pairs of vermilion flycatchers remaining along the LCR (less than 10 
4 known) occur adjacent to the LCR MSCP planning area at Bill Williams NWR.  Within 
5 the LCR MSCP planning  area, regionally significant populations persist at several 
6 locations including the Blythe golf course, Clark Ranch, Parker Dam residences, and 
7 Willow Valley estates (Rosenberg et al. 1991). 

8 Population Status and Reason for Decline 

9 Found along the LCR on a year-long basis, the breeding season for these flycatchers may  
10 begin as early as February  and may extend through July with a second clutch (Rosenberg 
11 et al. 1991).   It is unknown whether the wintering and breeding individuals are the same, 
12 but more birds are present in winter than summer along the LCR.  Grinnell (1914) 
13 reported this species to be numerous from Ehrenberg south to Yuma.  By the early 1990s, 
14 as few as 10 breeding pairs remained along the entire LCR.  Its decline has been 
15 attributed to loss of native cottonwood-willow forests and the lack of annual flooding 
16 after the completion of Hoover Dam, floods which formerly created extensive, productive 
17 areas of standing water in early spring and summer (Rosenberg et al. 1991). 

18 Trend analysis of vermilion flycatcher populations has indicated a decline throughout the 
19 southwestern United States and in USFWS Region 2, which includes the LCR in Arizona 
20 (DeSante and George 1994; Sauer et al. 1997). 

21 Current Threats to Species Survival 

22 Current threats to the survival of vermilion flycatchers are indirect through the 
23 destruction of remaining native cottonwood-willow forests and the lack of recruitment in 
24 those mostly decadent forests (Rosenberg et al. 1991). 

25 Management Needs 

26 Native cottonwood-willow forests urgently need to be reestablished on a wide scale along 
27 the LCR (Ohmart 1994) to recover this species. 

28 Existing Management Actions 

29 Relatively small projects to restore cottonwood-willow stands as habitat for wildlife have 
30 been implemented in the LCR MSCP planning in recent decades.  The following LCR 
31 MSCP species have been documented using restoration sites at either Cibola NWR, Pratt 
32 Restoration Site near Yuma, Arizona or at Imperial NWR’s cottonwood nursery: willow 
33 flycatcher, yellow-billed cuckoo, vermilion flycatcher, Bell’s vireo, yellow warbler, and 
34 summer tanager (Raulson pers. comm.). 
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Status of LCR MSCP Covered Species 

1 Recovery Goals 

2 No agency-mandated recovery goals are known to have been established.  A reasonable 
3 recovery goal for the LCR would be to increase the regional abundance of this species 
4 from rare to fairly common (at least locally). 

5 I.1.2.13 Arizona Bell’s Vireo (Vireo bellii arizonae) 

6 Legal Status 

7 The Arizona Bell’s vireo is listed as endangered under CESA. 

8 Other Status 

9 The Arizona Bell’s vireo is also: 

10  a G5T4 (global rank) and an S4 (state rank) in the Arizona Heritage Data 
11 Management System and 

12  a G5T4 (global rank) and an S1 (state rank) in the CNDDB. 

13 Species Distribution 

14 The Arizona Bell’s vireo is distributed throughout the river systems of the desert 
15 southwest.  Since 1900, populations of this subspecies of Bell’s vireo have declined along 
16 the lower reaches of the Colorado River, where it is now a rare to locally uncommon 
17 summer resident from Needles south to Blythe (Brown et al. 1983; Zeiner et al. 1990; 
18 Rosenberg et al. 1991).  This subspecies has also declined along the lower reaches of the 
19 Gila, Santa Cruz, and Salt Rivers.  At higher elevations, this subspecies has remained 
20 common throughout its range (Hunter et al. 1987).  Since the late 1960s, the Arizona 
21 Bell’s vireo has been expanding its range eastward along the Colorado River into Grand 
22 Canyon National Park (Brown et al. 1983). 

23 Habitat Requirements and Special Considerations 

24 The Arizona Bell’s vireo is an insectivorous, neotropical migrant that breeds in summer 
25 in riparian scrub along the LCR (Brown 1993; Rosenberg et al. 1991; California 
26 Department of Fish and Game 1992).  At low elevations, this subspecies is largely 
27 associated with early successional cottonwood-willow.  The presence of nearby water, 
28 ponded surface water, or moist soil conditions during the breeding season also may be an 
29 important component of nesting habitat (Rosenberg et al. 1991).  In the LCR MSCP 
30 planning area, suitable Bell’s vireo nesting habitat generally corresponds to cottonwood-
31 willow stands in structural types III and IV (Meents et al. 1984), and honey mesquite type 
32 III.  Serena (1986) found that Goodding’s willow was the most important plant 
33 contributing to cover around vireo nest sites along the LCR.  However, breeding 
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Status of LCR MSCP Covered Species 

1 territories at the Soto Ranch were within mature honey mesquite that did not contain 
2 Goodding’s willow.  Lynn and Averill (1996) determined that vireos selected for 
3 cottonwood/willow and, to a lesser extent, for desert wash and mesquite/saltcedar 
4 vegetation types, while selecting against pure saltcedar.  Their data were based on vireo 

detections on point counts in mesquite/saltcedar, desert wash, and saltcedar vegetation 
6 types, but they did not report on the vegetation in breeding territories.  Their report also 
7 did not define vegetation types, so it is unclear whether any Goodding’s willow was 
8 present on sites identified as mesquite/saltcedar, desert wash, or saltcedar.  All breeding 
9 locations reported by McKernan and Braden (2002) consisted of 5–70% Goodding’s 

willow with 10–90% saltcedar cover.  Their report also did not describe the vegetation 
11 within vireo territories, so it is prudent to assume that at least some willow occurred 
12 within these territories following Rosenberg et al.’s (1991) and Serena’s (1986) assertion 
13 that willow was present in all territories. 

14 The near dependence of this subspecies on cottonwood-willow forests at low elevations 
may be related to the extremely high midsummer temperatures that exist outside of these 

16 forests (Walsberg and Voss-Roberts 1983; Hunter et al. 1987).  At higher elevations 
17 (above 1,400 feet), the Bell’s vireo uses saltcedar and honey mesquite, as well as 
18 cottonwood-willow forests (California Department of Fish and Game 1992; Hunter et al. 
19 1987; Rosenberg et al. 1991).  The elevational differences this subspecies exhibits in its 

breadth of habitat use is typical of many southwestern riparian birds and appears to be 
21 related to the availability of appropriate nest site environments, which may be 
22 constrained by restricted thermal tolerances (Hunter et al. 1987).  Most nests are located 
23 1.5–4.5 feet above ground and are generally suspended from small, lateral or terminal 
24 forks of low branches in dense bushes, small trees, and, occasionally, herbaceous 

vegetation.  In the Grand Canyon, 77 (64%) of 121 vireo nests were located in shrub 
26 saltcedar and 29 (24%) in honey mesquite (Brown 1993).  The Arizona Bell’s vireo is a 
27 frequent host of the brown-headed cowbird.  Although the percentage of cowbird eggs 
28 hatched relative to the number laid in vireo nests is low, cowbird parasitism significantly 
29 reduces vireo productivity through nest abandonment, the destruction or removal of both 

eggs and young, and nestling competition (Brown 1993; California Department of Fish 
31 and Game 1992; Rosenberg et al. 1991).  Populations of the Arizona Bell’s vireo appear 
32 to be regulated primarily by the availability of suitable nesting habitat and secondarily by 
33 the rate of cowbird parasitism (Brown 1993). 

34 Regionally Significant Populations in the LCR MSCP 
Planning Area 

36 Since the completion of Glen Canyon Dam in 1963, the Bell’s vireo has expanded its 
37 range eastward into the Grand Canyon.  Construction of Glen Canyon Dam has prevented 
38 seasonal flooding that formerly scoured the river’s banks and has allowed an extensive 
39 riparian scrub to develop in the old high-water zone.  This newly created vegetated area is 

largely composed of saltcedar and willow species and supports significant populations of 
41 Bell’s vireo adjacent to the LCR MSCP planning area (Brown et al. 1983).  Because 
42 Grand Canyon populations of the Bell’s vireo could serve as a source for emigrants to the 
43 LCR MSCP planning area, they are regionally significant because of the substantial 
44 decline of populations at lower elevations along the Colorado River.  This decline 

includes the southern portion of the LCR MSCP planning area, where the Arizona Bell’s 
46 vireo is now a rare to locally uncommon summer resident from Fort Mojave south to at 
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Status of LCR MSCP Covered Species 

1 least Hunter’s Hole (Rosenberg et al. 1991; Lynn and Averill 1996; McKernan and 
2 Braden 2002).  All populations in the LCR MSCP planning area are considered 
3 regionally significant.  Since 1996, Arizona Bell’s vireos have been observed nesting 
4 within the LCR MSCP planning area at the Virgin River, Meadow Valley, Topock 
5 Marsh, Topock Gorge, Lake Havasu, Bill Williams River Delta, Headgate Rock Dam,  
6 Hall Island, Ehrenberg, Cibola Lake, Cibola NWR, Walker Lake, Draper Lake, Paradise 
7 Valley, Adobe Lake, Clear Lake, Taylor Lake, Picacho State Recreation Area, Ferguson 
8 Lake, Imperial NWR, Laguna Dam vicinity, Gila/Colorado River confluence, Gadsden 
9 Bend, and Hunter’s Hole (McKernan and Braden 2002). 

10 Population Status and Reasons for Decline 

11 The Arizona Bell’s vireo has been declining in the Southwest since 1900 (Hunter et al. 
12 1987).  The decline of this subspecies is primarily caused by extensive habitat loss and 
13 degradation and heavy  nest parasitism by brown-headed cowbirds (Rosenberg et al. 1991;  
14 California Department of Fish and Game 1992).  Within the LCR MSCP planning area, 
15 this subspecies is declining at lower elevations but has remained stable and has even 
16 expanded its range at higher elevations (Hunter et al. 1987; Brown et al. 1983; California 
17 Department of Fish and Game 1992). 

18 Current Threats to Subspecies Survival 

19 Current threats to this subspecies within the LCR MSCP planning area include the 
20 continued loss and degradation of habitat as a result of urbanization, water projects, flood 
21 control projects, agriculture, livestock grazing, introduced competitors, exotic invasive 
22 plants, off-road vehicles, and nest parasitism by  brown-headed cowbirds (Brown 1993;  
23 California Department of Fish and Game 1992; Rosenberg et al. 1991). 

24 Management Needs 

25 The management priority  for the Arizona Bell’s vireo should be the return of healthy  
26 stands of cottonwood-willow that provide this riparian obligate subspecies with the 
27 breeding habitat it requires (Brown 1993; Hunter et al. 1987).  Natural regeneration of 
28 riparian vegetation should be encouraged, large-scale revegetation projects should be 
29 initiated, and exotic invasive species such as saltcedar should be controlled.  Protection of 
30 existing riparian woodlands along the LCR should be undertaken through acquisition, 
31 cooperative agreement, or conservation easement and through management of river 
32 flows.  Other management needs for this subspecies include cowbird control programs  
33 where deemed necessary and regular surveys of vireo habitat to determine distributions, 
34 population trends, quality and extent of habitat, and continuing threats to the subspecies 
35 (California Department of Fish and Game 1992).  Cowbird management techniques 
36 include trapping; selective shooting; relocation of feedlots, dairies, and stables away from  
37 riparian areas; grazing reductions in riparian areas; and revegetation of riparian areas to 
38 reduce edge affected nesting habitat (Brown 1993).  Relatively small projects to restore 
39 cottonwood-willow stands as habitat for wildlife have been implemented in the LCR 
40 MSCP planning in recent decades.  Although Ohmart (1994) reported that many  
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Status of LCR MSCP Covered Species 

1 cottonwood-willow restoration projects have not been successful in the creation of large 
2 habitat patches on the LCR, recent discoveries of avian use of restoration sites indicate 
3 that flood irrigation of sites may be the key to attracting more avian species than has been 
4 previously noted.  The following LCR MSCP species have been documented using 

restoration sites at either Cibola NWR, Pratt Restoration Site near Yuma, Arizona or at 
6 Imperial NWR’s cottonwood nursery: willow flycatcher, yellow-billed cuckoo, vermilion 
7 flycatcher, Bell’s vireo, yellow warbler, and summer tanager (Raulson pers. comm.). 

8 Existing Management Actions 

9 No existing management actions have been identified for the Arizona Bell’s vireo. 

Recovery Goals 

11 There are no agency-mandated recovery goals for the Arizona Bell’s vireo. 

12 I.1.2.14 Sonoran Yellow Warbler (Dendroica petechia 
13 sonorana) 

14 Legal Status 

The Sonoran yellow warbler has no legal status. 

16 Other Status 

17 The Sonoran yellow warbler is listed as: 

18  a G5 (global rank) and an S1 (state rank) in the CNDDB (California Department of 
19 Fish and Game 1999), and 

 a species of special concern in California (California Department of Fish and 
21 Game 1999). 

22 Species Distribution 

23 The breeding range of the yellow warbler includes most of the United States and Canada, 
24 with the exception of the deep south from Texas east to Florida (National Geographic 

Society 1987; Sauer et al. 1997).  Wintering populations occur from the LCR south to 
26 Central America.  Yellow warblers were formerly a common-to-abundant summer 
27 nesting species along the LCR but were extirpated as a regionally breeding species by the 
28 1950s (Rosenberg et al. 1991).  Although Rosenberg et al. (1991) stated that records of 
29 isolated singing males in the 1970s and 1980s did not indicate reestablished populations, 
30 more recent confirmed nesting records throughout the LCR MSCP planning area 
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Status of LCR MSCP Covered Species 

1 (McKernan and Braden 2002) suggest yellow warblers have been reestablished as a 
2 nesting species along the LCR. 

3 Habitat Requirements and Special Considerations 

4 The yellow warbler is a nesting habitat generalist in mesic second growth woodland, 
5 gardens, and scrubland (Ehrlich et al. 1988).  This species is an obligate-riparian nesting 
6 bird in the lowland Southwest (Johnson et al. 1987).  Along the LCR, this species 
7 formerly nested commonly in cottonwood-willow ranging from gallery forests to early 
8 successional stage scrublands.  They make extensive use of saltcedar and athel tamarisk 
9 as both a nest substrate plant and as nesting habitat along the Colorado River in Grand 

10 Canyon and at upper Lake Mead, where they have been identified as relative habitat 
11 generalists (Brown et al. 1987; Brown and Trosset 1989). 

12 Transient yellow warblers along the LCR make use of any dense riparian vegetation, 
13 including saltcedar, athel tamarisk and other introduced shrubs and trees.  Wintering 
14 warblers appear most common in planted trees around trailer parks, such as near Parker, 
15 Earp, and Lost Lake (Rosenberg et al. 1991). 

16 Diets of yellow warblers (n = 18) along the Colorado River above Hoover Dam consist of 
17 a high percentage of flying insects, such as flies, midges, and wasps.  The predominant 
18 prey items they rely on are chironomid midges that emerge from the water in huge 
19 quantities (Yard 1997 cited in Ogden Environmental and Energy Services 1998). 

20 Nests of yellow warblers are generally found in upright forks of shrubs and trees at a 
21 height of 3–12 feet.  The nests are tight cups constructed of grasses and plant down and 
22 lined with plant down and sometimes hair (Harrison 1979). 

23 Regionally Significant Populations in the LCR MSCP 
24 Planning Area 

25 No regionally significant populations of Sonoran yellow warbler are known in the LCR 
26 MSCP planning area.  The currently known populations are small (McKernan and 
27 Braden 2002). 

28 Population Status and Reasons for the Decline 

29 Yellow warblers are fairly common transients during spring and fall migration.  They are 
30 also a rare but regular winter resident along the LCR.  Prior to 1955, yellow warblers 
31 were abundant breeders along the LCR (Monson pers. comm. in Rosenberg et al. 1991). 
32 Grinnell (1914) reported from one to four singing males per hectare in cottonwood-
33 willow.  Nationally, yellow warblers populations are showing an overall increase, though 
34 USFWS Region 1 (which includes the LCR in California) has been exhibiting a 
35 population decline (Sauer et al. 1997).  Isolated singing males were detected in June and 
36 July from 1977 to 1986 at the following locations:  Willow Valley Estates, Davis Dam 
37 residences, the Needles to Topock area, Blythe, and the Bill Williams Delta. 
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1 Since 1996, nesting Sonoran  yellow warblers have been observed at Virgin River, 
2 Meadow Valley, Topock Marsh, Topock Gorge, Lake Havasu, Bill Williams Delta, 
3 Headgate Rock Dam, Hall Island, Ehrenberg, Cibola Lake, Cibola NWR, Walker Lake, 
4 Draper Lake, Paradise Valley, Adobe Lake, Clear Lake, Taylor Lake, Picacho State 
5 Recreation Area, Ferguson Lake, Imperial NWR, the Laguna Dam  vicinity, 
6 Gila/Colorado River confluence, Gadsden Bend, and Hunter’s Hole (McKernan and 
7 Braden 2002). 

8 Decline of this species along the LCR has been primarily attributed to loss of 
9 cottonwood-willow because of agricultural conversion and secondly to a high rate of 

10 brood parasitism by brown-headed cowbirds (Rosenberg et al. 1991).  

11 Current Threats to Species Survival 

12 Studies on breeding and wintering yellow warblers in the United States and Central 
13 America suggest this species  may not be able to accommodate large-scale, rapid shifts in 
14 habitat structure, such as those caused by human destruction of primary habitat 
15 (Weidenfeld 1989 cited in Ogden Environmental and Energy Services 1998).  The 
16 continued decline and decadence of native cottonwood-willow forests along the LCR is a 
17 threat to this species. 

18 Yellow warblers are one of three species  that most frequently  hosts brown-headed 
19 cowbird nest parasitism.  They  typically  layer new nesting material over cowbird eggs 
20 and their own clutch, laying a new clutch on top of the new layer (and the doomed eggs 
21 below it).  As many as five to six layers have been found in a single nest, each lower 
22 layer containing a cowbird egg (Harrison 1979).  Cowbirds parasitized 23% (5 of 22) of 
23 yellow warbler nests located along the Colorado River in Grand Canyon from 1982 to  
24 1987 (Brown, B. 1994), yet this warbler remains a common nesting species there. 

25 Inundation of active nests as a result of flooding appears to represent a negligent threat to 
26 this species (Brown and Johnson 1985).  

27 Management Needs 

28 Remnant patches of cottonwood-willow along the LCR are relatively small and scattered, 
29 cowbirds are abundant, and reestablishment of a self-sustaining nesting population in the 
30 LCR MSCP planning area seems unlikely without a recovery effort designed to restore 
31 large contiguous tracts of cottonwood-willow and to control cowbird populations on at 
32 least a temporary basis. 

33 From the broadest perspective, management actions along the LCR should be to  
34 reestablish several self-sustaining, core nesting populations of yellow warblers at large, 
35 contiguous stands of cottonwood-willow.  Since these large, contiguous stands of 
36 cottonwood-willow do not presently exist and will take some time to develop, even after 
37 an action plan for their reestablishment is implemented, recovery  of nesting yellow 
38 warbler populations along the LCR will require long-term commitment and effort. 
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1 Existing Management Actions 

2 Large-scale efforts to recreate cottonwood-willow along the LCR have mainly proved a 
3 failure because of poor site selection and damage by beavers (Anderson et al. 1979; 
4 Anderson et al. 1984).  In  California, cottonwood-willow restoration efforts designed for 
5 yellow-billed cuckoo recovery have inadvertently proved beneficial to yellow warblers 
6 (Laymon and Halterman 1987).  Relatively small projects to restore cottonwood-willow 
7 stands as habitat for wildlife have been implemented in the LCR MSCP planning in 
8 recent decades.  Although Ohmart (1994) reported that many cottonwood-willow 
9 restoration projects have not been successful in the creation of large habitat patches on 

10 the LCR, recent discoveries of avian use of restoration sites indicate that flood irrigation 
11 of sites may be the key  to attracting more avian species than has been previously noted.  
12 The following LCR MSCP species have been documented using restoration sites at either 
13 Cibola NWR, Pratt Restoration Site near Yuma, Arizona or at Imperial NWR’s 
14 cottonwood nursery: willow flycatcher, yellow-billed cuckoo, vermilion flycatcher, 
15 Bell’s vireo, yellow warbler, and summer tanager (Raulson pers. comm.). 

16 Recovery Goals 

17 No agency-mandated recovery goals for yellow warbler have been established. 

18 I.1.2.15  Summer Tanager (Piranga rubra) 

19 Legal Status 

20 The summer tanager has no legal status. 

21 Other Status 

22 The summer tanager is listed as: 

23  a G5 (global rank) and an S4 (state rank) in the Arizona Heritage Data Management 
24 System, 

25  a G5 (global rank) and an S2 (state rank) in the CNDDB, and 

26  a species of special concern in California. 

27 Species Distribution 

28 The summer tanager is a neotropical migrant that breeds throughout most of the 
29 southeastern and southwestern United States, including New Mexico, Arizona, southern 
30 Nevada, and southeast California.  This species winters from southern Baja California, 
31 Mexico, and central Mexico south to South America (Terres 1980; Robinson 1996).  
32 Along the LCR, the summer tanager is a rare to uncommon breeder from late April to 

Lower Colorado River  December 2004 
Multi-Species Conservation Program I-68 
Final Appendices to Volumes I–III and V J&S 00450.00 

 

http:00450.00


  

 

 
 

 

 

  

5 

10 

15 

20 

25 

30 

35 

40 

Status of LCR MSCP Covered Species 

1 early October (Rosenberg et al. 1991).  In the LCR MSCP planning area, breeding 
2 summer tanagers are included in subspecies cooperi. 

3 Habitat Requirements and Special Considerations 

4 In the southwestern United States, summer tanagers occur primarily in cottonwood-
willow forests along rivers and streams.  Grinnell (1914) listed the tanager as one of the 

6 most characteristic species of this habitat association.  Along the LCR, well-developed 
7 stands of cottonwood-willow riparian forest can support 20–30 birds per 100 acres 
8 (Rosenberg et al. 1991).  Summer tanagers are also attracted to stands of saltcedar along 
9 the Colorado River.  Their association with this tall riparian tree suggests that canopy 

height may be a more important factor than species composition in the tanager’s selection 
11 of foraging and nesting habitats (Rosenberg et al. 1991).  At higher elevations in Arizona, 
12 summer tanagers expand into honey mesquite and other saltcedar vegetation 
13 communities, exhibiting the same pattern seen in other midsummer, open-nesting 
14 riparian-restricted species (Hunter et al. 1988).  Summer tanagers forage mainly in the 

tops of tall riparian trees for insects.  In the Southwest, this species feeds heavily on 
16 cicadas, bees, and wasps.  A variety of other insects (e.g., caterpillars, beetles, spiders, 
17 and flies) and berries and small fruits are also eaten (Kaufmann 1996; Terres 1980; 
18 Rosenberg et al. 1991).  Summer tanagers are an uncommon cowbird host and will raise 
19 up to two broods per year (Ehrlich et al. 1988; Rosenberg et al. 1991). 

Regionally Significant Populations in the LCR MSCP 
21 Planning Area 

22 Although summer tanagers are still common and widespread in many areas, their range 
23 may be contracting in the eastern United States, and they have experienced sharp declines 
24 along the LCR (Ehrlich et al. 1988; Kaufmann 1996; Robinson 1996).  Elsewhere in the 

Southwest, summer tanagers were believed to have been extirpated from the lower Gila, 
26 Santa Cruz, and Salt Rivers (Hunter et al. 1987).  Within the LCR MSCP planning area, 
27 the severe decline of this species since the 1970s is attributed to the continuing loss of 
28 mature cottonwood-willow forest.  Summer tanagers were still fairly abundant in and 
29 adjacent to the LCR MSCP planning area until the early 1980s, when severe flooding at 

Bill Williams Delta and along the Colorado River mainstem resulted in a 36% population 
31 decrease.  After the flooding, only 138 individuals were estimated to occur in the entire 
32 valley, while population densities at Bill Williams Delta dropped from 16–24 birds per 
33 100 acres to 6–10 birds per 100 acres (Rosenberg et al. 1991).  Based on these trends, it 
34 appears that the summer tanager may become extirpated as a breeding species along the 

LCR (Rosenberg et al. 1991). 

36 Population Status and Reasons for Decline 

37 Although summer tanagers are still common and widespread in many areas, their range 
38 may be contracting in the eastern United States, and they have experienced sharp declines 
39 along the LCR (Ehrlich et al. 1988; Kaufmann 1996; Robinson 1996).  Elsewhere in the 

Southwest, summer tanagers were believed to be extirpated from the lower Gila, Santa 
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1 Cruz, and Salt Rivers (Hunter et al. 1987).  Within the LCR MSCP planning area, the 
2 severe decline of this species since the 1970s is attributed to the continuing loss of mature 
3 cottonwood-willow forest.  Summer tanagers were still fairly abundant in the LCR MSCP 
4 planning area until the early 1980s, when severe flooding at Bill Williams Delta and 
5 along the Colorado River mainstem resulted in a 36% population decrease.  After the 
6 flooding, only 138 individuals were estimated to occur in the entire valley, while 
7 population densities at Bill Williams Delta dropped from 16–24 birds per 100 acres to 6– 
8 10 birds per 100 acres (Rosenberg et al. 1991).  Based on these trends, it appears that the 
9 summer tanager may become extirpated as a breeding species along the LCR (Rosenberg 

10 et al. 1991). 

11 Current Threats to Species Survival 

12 The continuing loss of structurally well-developed stands of cottonwood-willow riparian 
13 forest is the primary threat to this species in the LCR MSCP planning area (Rosenberg et 
14 al. 1991; Hunter et al. 1987). 

15 Management Needs 

16 The return of healthy stands of cottonwood-willow is the primary management need of 
17 this species.  Riparian revegetation efforts that focus on the regeneration of cottonwood-
18 willow and control of saltcedar would be beneficial for this species (Hunter et al. 1987). 

19 Existing Management Actions 

20 Relatively small projects to restore cottonwood-willow stands as habitat for wildlife have 
21 been implemented in the LCR MSCP planning in recent decades.  Although Ohmart 
22 (1994) reported that many  cottonwood-willow restoration projects have not been 
23 successful in the creation of large habitat patches on the LCR, recent discoveries of avian 
24 use of restoration sites indicate that flood irrigation of sites may be the key to attracting 
25 more avian species than has been previously noted.  The following LCR MSCP species 
26 have been documented using restoration sites at either Cibola NWR, Pratt Restoration 
27 Site near Yuma, Arizona or at Imperial NWR’s cottonwood nursery: willow flycatcher, 
28 yellow-billed cuckoo, vermilion flycatcher, Bell’s vireo, yellow warbler, and summer 
29 tanager (Raulson pers. comm.). 

30 Recovery Goals 

31 There are no agency-mandated recovery goals for the summer tanager. 
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1 I.1.2.16  Flat-Tailed Horned Lizard (Phrynosoma 
2 mcallii) 

3 Legal Status 

4 The flat-tailed horned lizard has no legal status. 

5 Other Status 

6 The flat-tailed horned lizard is: 

7  a G3 (global rank) and S2S3 (state rank) in the Arizona Heritage Data Management 
8 System, 

9  a wildlife species of special concern in Arizona, 

10  a G3 (global rank) and S1 (state rank) in the CNDDB, 

11  a species of special concern in California, and 

12  a BLM sensitive species in California. 

13 Species Distribution 

14 The flat-tailed horned lizard occurs only in sparse, sandy areas of the deserts of extreme 
15 southwestern Arizona, southeastern California, northeastern Baja California, and extreme 
16 northwestern Sonora, Mexico.  Within Arizona, the species occurs in the Yuma  Desert 
17 west of the Tinaja Altas and Gila Mountains and south of the Gila River.  In California, it 
18 is found in the Coachella Valley and south toward the head of the Gulf of California 
19 (Arizona Game and Fish Department 1997d). 

20 Habitat Requirements and Special Considerations 

21 The flat-tailed horned lizard occurs primarily in areas of sparsely vegetated creosote bush 
22 scrub or other open vegetation communities.  The substrate is typically fine sand on 
23 relatively level desert pavement, although it can also occur in pebbled areas, mudhills, 
24 and dune edges (Flat-tailed Horned Lizard Interagency Coordinating Committee 2003;  
25 Arizona Game and Fish Department 1997d).  This species is found from  about 160 feet 
26 below sea level to approximately 984 feet above sea level (Funk 1981).  Horned lizards 
27 are ant specialists, feeding mainly on harvester ants (Veromessor spp. and 
28 Pogonomyrmex spp.) (Turner and Medica 1982); therefore, they are found only where 
29 these ants are present. 
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1 Regionally Significant Populations in the LCR MSCP   
2 Planning Area 

3 Within the LCR MSCP planning area, flat-tailed horned lizard habitat is located in the 
4 Yuma desert in the extreme southwestern portion of  Yuma County, Arizona.  Though 
5 only approximately 6% of the total land area within the range of the species occurs in 
6 Arizona, approximately 39% (212 square miles) of the most important habitat remaining 
7 for flat-tailed horned lizard conservation occurs there.  (U.S. Fish and Wildlife Service 
8 1997.) 

9 Population Status and Reasons for Decline 

10 The decline of this species is primarily attributed to habitat loss.  Current data indicate 
11 that approximately 30–40% of the species’ habitat has been lost within its range (Flat-
12 tailed Horned Lizard Interagency Coordinating Committee 2003).  Historical and 
13 ongoing impacts to this species include geothermal development; residential, 
14 recreational, and industrial development; agricultural conversion and resulting chemical 
15 pollution; sand and gravel extraction; canal, pipeline, and transmission line construction; 
16 and authorized and unauthorized off-highway vehicle activity (Flat-tailed Horned Lizard 
17 Interagency Coordinating Committee 2003; Arizona Game and Fish Department 1997d). 

18 Current Threats to Species Survival 

19 Although a strategy is in place to protect large blocks of flat-tailed horned lizard habitat, 
20 development and off-highway vehicle activity  continue to affect the species throughout 
21 much of its range. 

22 Management Needs 

23 The flat-tailed horned lizard was removed from  the list of proposed threatened species in 
24 1997 as a result of the acceptance of a large-scale, rangewide management strategy.  On 
25 May 30, 2002, the USFWS reopened the comment period on reinstating its 1993  
26 proposed rule to list the flat-tailed horned  lizard as threatened under the ESA, then in 
27 January 2003 withdrew the proposed rule (U.S. Fish and Wildlife Service 2003).  Five 
28 rangewide management areas have been designated for this species.  They include 
29 portions of the Goldwater Range in Arizona and an area in California that includes Anza 
30 Borrego State Park and lands east to the Colorado River and north of Interstate 8, among 
31 others.  Specific management needs for this species are outlined in the rangewide 
32 management strategy plan (Flat-tailed Horned Lizard Interagency Coordinating 
33 Committee 2003). 

34 Existing Management Actions 

35 Management actions that have been implemented or proposed for this species include: 
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1  a closed season in portions of its range, 

2  restrictions on scientific collecting permits, 

3  full protection from take in  California and Arizona, and  

4  Areas of Critical Environmental Concern nomination for a portion of the species’  
5 range in the Goldwater Range (Arizona Game and Fish Department 1997d). 

6 Reclamation is implementing a worker education program for the flat-tailed horned lizard 
7 in response to RPM 1 of USFWS’s final biological and conference opinion on LCR 
8 operation and maintenance from Lake Mead to the SIB (Bureau of Reclamation 1998a). 

9 Reclamation management actions to date for RPM 1 include: 

10  approval of an interagency agreement with the Department of the Navy  to provide a 
11 flat-tailed horned lizard worker education program, 

12  preparation of the flat-tailed horned lizard working plan to provide guidance for the 
13 implementation of the flat-tailed horned lizard rangewide management strategy, 

14  coordination  of Reclamation activities concerning the flat-tailed horned lizard with 
15 the Management Oversight Group and the Interagency Coordination Committee, and 

16  completion of the worker education program for Reclamation employees stationed at 
17 Yuma, Arizona. 

18 Reclamation is also submitting an annual flat-tailed horned lizard monitoring report to the 
19 USFWS Arizona Ecological Services Field Office in accordance with RPM 2 (Bureau of 
20 Reclamation 1998a).  Reclamation accomplishments for RPM 2 include: 

21  allocation of funds to the Department of the Navy for flat-tailed horned lizard studies 
22 in the Yuma  Desert Management Area, 

23  preparation of the flat-tailed horned lizard working plan, and 

24  coordination and approval of the flat-tailed horned lizard research interagency  
25 agreement with the Department of the Navy. 

26 Recovery Goals 

27 The recovery  goal for this species is to establish and implement five range management 
28 areas where surface activities that would affect the species are restricted (Flat-tailed 
29 Horned Lizard Interagency Coordinating Committee 2003). 

30 I.1.2.17  Relict Leopard Frog (Rana onca) 

31 Legal Status 

32 The relict leopard frog is protected in Nevada. 
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Status of LCR MSCP Covered Species 

1 Other Status 

2 The relict leopard frog is also: 

3  a wildlife species of special concern in Arizona, 

4  a G1 (global rank) and SU (state rank) under the Arizona Heritage Data Management 
5 System, and 

6  a G1 (global rank) and S1 (state rank) under the Nevada Natural Heritage Program. 

7 Species Distribution 

8 Historically, the relict leopard frog was known from several locations along the Virgin 
9 River, from the Overton Arm of Lake Mead to north of St. George, Utah.  It was also 

10 known from the Muddy River and Meadow Valley Wash in Nevada, northwest of the 
11 Overton Arm.  This species was thought to be extinct but was rediscovered at three of 
12 51 potential habitat sites surveyed in 1991.  This survey included potential habitat in the 
13 historical range of the species (Bradford and Jennings 1997).  Three of the sites are at 
14 springs near the Overton Arm of Lake Mead.  A fourth population of relict leopard frogs 
15 on the Virgin River near Littlefield, Arizona, is in the range of the lowland leopard frog 
16 and is still awaiting additional studies to confirm its taxonomic status.  Three additional, 
17 recently confirmed populations of relict leopard frogs occur below Hoover Dam in Black 
18 Canyon (Marshall pers. comm. [a]; Rorabaugh pers. comm.). 

19 Habitat Requirements and Special Considerations 

20 In general, relict leopard frogs inhabit springs, marshes, and shallow ponds where a year-
21 round water supply is available.  Emergent or submergent vegetation, such as bulrushes 
22 or cattails, is probably necessary for cover and as substrate for oviposition (Jennings et al. 
23 1994).  Both suitable aquatic areas and adjacent moist upland or wetland soils, with a 
24 dense cover of grass or forbs and a canopy of cottonwoods or willows, are necessary for 
25 leopard frog habitat.  Populations have also been recorded in canals and roadside ditches 
26 (Jennings et al. 1994).  At present, confirmed populations of relict leopard frogs exist 
27 exclusively in geothermally influenced and perennial desert spring communities. 

28 Regionally Significant Populations in the LCR MSCP 
29 Planning Area 

30 There are no regionally significant populations of relict leopard frog in the LCR MSCP 
31 planning area.  There are, however, five known extant populations immediately adjacent 
32 to the LCR MSCP planning area (Marshall pers. comm. [a]).  There have been confirmed 
33 sightings of this species at Rogers Spring and Blue Point Spring, about 2 miles west of 
34 Stewarts Point on the Overton Arm of Lake Mead.  The other three known, and recently 
35 confirmed, populations are at Boy Scout Hot Springs, Salt Cedar Canyon Spring, and 
36 Bighorn Sheep Spring in Black Canyon below Hoover Dam (Marshall pers. comm. [a]; 
37 Rorabaugh pers. comm.).  Two populations, one at Corral Spring and the second on the 
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1 Virgin River near Littlefield, Arizona, are believed to have been extirpated (Marshall 
2 pers. comm. [a]). 

3 Population Status and Reasons for Decline 

4 The Blue Point Spring population, estimated to be the largest extant population, has been 
5 stable or increasing since 1992 (Bradford and Jennings 1997).  The total number of 
6 individual adult frogs among all known populations is estimated to be several hundred.  
7 The species has declined throughout its limited range, probably as a result of the loss and 
8 degradation of its habitat and bullfrog predation.  In addition, this species appears to be 
9 susceptible to lowering of the water table (Arizona Game  and Fish Department 

10 1996c, 1998a). 

11 Current Threats to Species Survival 

12 The known populations are currently confined to small springs within a 5-mile area 
13 (Bradford and Jennings 1997) and are therefore susceptible to extirpation by localized 
14 impacts.  This species is also threatened by habitat destruction, lowering of the water 
15 table, and predation by nonnative bullfrogs (Arizona Game and Fish Department 
16 1996c, 1998a). 

17 Management Needs 

18 Management needs identified for this species include:  

19  conservation of occupied habitat, 

20  removal of bullfrogs and nonnative fishes from occupied and potential habitat, and 

21  establishment of breeding populations of relict leopard frogs in potential habitat 
22 (Arizona Game and Fish Department 1996c). 

23 Studies should also identify the extent of other potential threats listed above. 

24 Existing Management Actions 

25 The relict leopard frog is a covered species under the Clark County MSHCP (Regional 
26 Environmental Consultants 1998).  Existing and proposed conservation actions include 
27 general and ecosystem-level actions for desert riparian areas, including environmental 
28 education programs; riparian vegetation and spring protection; restoration and 
29 enhancement; livestock, wild horse, and burro management; and potential 
30 reestablishment of extirpated populations.  In addition, the NPS has responsibility for the 
31 following species-specific conservation measures, as identified in the Clark County  
32 MSHCP (Regional Environmental Consultants 1998):  
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1  install signs at springs, on a case-by-case basis, that explain the need for protecting 
2 the springs and warn that state laws prohibit camping within 100 feet of water 
3 sources; 

4  inventory and monitor populations of relict leopard frogs and other amphibians, as 
5 time allows (currently  being implemented); 

6  evaluate the potential for reintroduction of relict leopard frog populations into 
7 managed areas (e.g., Las Vegas Wash Wetlands and Park, Boulder City Wetlands 
8 Park, and Big Springs Refugium); and 

9  develop and implement an NPS management plan to ensure long-term protection and 
10 conservation of relict leopard frog populations.  The plan should address measures to 
11 monitor the remaining populations, grazing management, conservation agreements, 
12 conservation easements with private landowners, deterrence of poaching through 
13 regular ranger patrols, assessment of the need for refugia, and control of exotic fish 
14 and bullfrog populations. 

15 Funding priorities for the Clark County  MSHCP include the following programs for the 
16 relict leopard frog: 

17  continued identification of occupied sites and initiate monitoring, 

18  genetic studies, and 

19  protection and enhancement of both occupied and potential habitat at springs. 

20 Other NPS programs at Lake Mead NRA that would benefit relict leopard frogs include: 

21  restoration of spring communities; 

22  monitoring and reduction of recreational impacts at warm springs; 

23  rehabilitation of Blue Point and Rogers Springs; 

24  evaluation of the status of amphibians along the Virgin River; and 

25  development of monitoring protocol and a management plan (National Park Service 
26 1994). 

27 The AGFD has developed a ranid frog conservation and management program in an 
28 effort to stabilize and recover Arizona’s native ranid frogs (Sredl 1997).  Management 
29 actions suggested by the AGFD nongame branch include: 

30  determining taxonomic relationships with other leopard frogs, particularly the 
31 lowland leopard frog; 

32  determining the current distribution and status of the species by conducting surveys 
33 throughout the potential range of the species (e.g., drainages feeding into Lake Mead, 
34 especially the Virgin River, and springs along the Colorado River mainstem below 
35 Hoover Dam); and 

36  conserving and managing known populations in spring systems below Hoover Dam.  
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Status of LCR MSCP Covered Species 

1 The last action may include habitat enhancement and maintenance, removal of nonnative 
2 predators and competitors, and establishment of new breeding populations (perhaps in 
3 association with aquatic areas established for native fishes that are managed to preclude 
4 invasion by nonnative species, such as bullfrogs, introduced Rio Grande leopard frogs, 
5 and crayfish). 

6 Recovery Goals 

7 There are no agency-mandated recovery goals for the relict leopard frog. 

8 I.1.2.18 Flannelmouth Sucker (Catostomus latipinnis) 

9 Legal Status 

10 The flannelmouth sucker has no legal status. 

11 Other Status 

12 The flannelmouth sucker is: 

13  Federal species of concern, 

14  a wildlife species of concern in Arizona, 

15  a G3G4 (global rank) and an S2 (state rank) in the CNDDB, 

16  a G3G4 (global rank) and an S1 (state rank) in the Nevada Natural Heritage Program, 
17 and 

18  a BLM special-status species in Nevada. 

19 Species Distribution and Regionally Significant Population in 
20 the LCR MSCP Planning Area 

21 The flannelmouth sucker was historically found in medium to large rivers throughout the 
22 upper and LCR Basin (Joseph et al. 1977; Arizona Game and Fish Department 1996c).  
23 Although the flannelmouth sucker is currently widely distributed in the upper Colorado 
24 River Basin (Holden and Stalnaker 1975a, b; McAda et al. 1994), its occurrence in the 
25 LCR Basin has become more restricted.  The species’ range in the Upper Basin includes 
26 the mainstem of the Colorado River, numerous tributaries that drain a large portion of 
27 Colorado and Utah, and the San Juan River drainage in New Mexico.  In the Lower 
28 Basin, the flannelmouth sucker occurs only in local areas of suitable habitat (Sublette et 
29 al. 1990).  Populations in the Lower Basin occur in the Little Colorado River, Virgin 
30 River, Colorado River in Glen Canyon, Grand Canyon, LCR immediately below Davis 
31 Dam, and several small tributaries to the Colorado River above Lake Mead (Arizona 
32 Game and Fish Department 1996c; Valdez and Carothers 1998).  In the LCR MSCP 
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Status of LCR MSCP Covered Species 

1 planning area, flannelmouth sucker occurs in the river reach downstream of Davis Dam 
2 where 611 individuals were stocked in 1976. 

3 Habitat Requirements and Special Considerations 

4 Flannelmouth suckers typically require medium to large flowing streams and survive 
poorly in reservoirs and river reaches influenced by impoundments (Minckley 1973).  

6 Flannelmouth suckers, like many native fishes, demonstrate ontogenetic shifts in habitat 
7 requirements and diet.  Subadult flannelmouth suckers in the Grand Canyon use sheltered 
8 shorelines, backwaters, and mouths of tributary streams (Valdez and Ryel 1995).  
9 Conversely, adults can be found in a variety of mainstem channel types, including at the 

mouths of tributaries, vegetated shorelines, midchannel cobble bars (Valdez and Ryel 
11 1995), eddies (Holden and Stalnaker 1975a; Valdez and Ryel 1995), and riffles (Holden 
12 and Stalnaker 1975a). 

13 Larval flannelmouth suckers feed on crustaceans and small aquatic invertebrates (Joseph 
14 et al. 1977; Maddux et al. 1987).  Adults feed on similar organisms, although 

Cladophora, plant seeds, and organic debris or detritus are also consumed (Carothers and 
16 Minckley 1981; Arizona Game and Fish Department 1996a; Douglas and Marsh 1996b). 

17 Spawning can take place from spring to early summer and is often preceded by an 
18 upstream migration.  Water temperatures at which flannelmouth suckers spawn appear to 
19 be variable.  Weiss (1993) reports peak spawning on days with a minimum temperature 

of 7ºC and a maximum temperature of 19ºC.  This temperature range is similar to that 
21 reported in the Upper Basin (Tyus and Karp 1990).  However, Otis (1994) and 
22 Lechleitner (1992) report stricter temperature requirements of 12º–15ºC and 17–23ºC, 
23 respectively. Spawning has been observed in LCR tributaries in glides or slow riffles, 
24 over medium-coarse gravel substrate (Weiss 1993, Otis 1994). 

Population Status, Reasons for Decline, and Current Threats to 
26 Species Survival 

27 Water resource development and interactions with nonnative species currently threaten 
28 the flannelmouth sucker.  The species reacts poorly to impounded habitats and the 
29 artificial thermal regime created by impoundments.  Flannelmouth suckers in the White 

River of Colorado were found to actively avoid newly created reservoirs and move 
31 upstream into the river (Chart and Bergersen 1992). Vanicek et al. (1970) found that the 
32 tailwater (and resulting change in temperature and flow regime) created by Flaming 
33 Gorge Dam displaced flannelmouth suckers to warmer locations and inhibited spawning 
34 for more than 60 miles downstream. 

Weiss (1993) suggests that the altered hydrology of the Colorado River below Glen 
36 Canyon Dam may negatively impact young-of-the-year flannelmouth suckers.  He 
37 suggests that poor representations of year classes may correspond to the lack of turbid, 
38 flooded areas in spring and early summer.  Reduced water temperature in the mainstem 
39 Colorado River is a primary threat to the flannelmouth sucker.  Survivability of larvae or 

eggs appears to be low, probably as a result of the effects of thermal shock when entering 
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1 the mainstem from warmer tributary waters.  Valdez and Ryel (1995) report poor  
2 reproductive success and recruitment in the Colorado River in Grand Canyon.  Most 
3 reproductive success appears dependent on natural thermal and flow regimes found in  
4 tributaries, although successful spawning is occurring in the mainstem.  Below Davis 
5 Dam, AGFD (1996c) captured 3,400 flannelmouth suckers (less than 100 mm) in 
6 mainstem backwaters from  1991 to 1994.  

7 Nonnative fish are a threat to flannelmouth suckers.  Hayes and Foreman (1997) found  
8 the fish fauna of the Topock Division to  consist of 99.6% nonnative species.  
9 Flannelmouth suckers accounted for only 0.4% of the population.  Valdez and Ryel 

10 (1995) report that in the Grand Canyon,  90% of the total fish biomass is nonnative fish.  
11 Predation by  nonnative fish can have a negative effect on flannelmouth sucker 
12 populations.  Several researchers found flannelmouth sucker remains in channel catfish 
13 stomach contents (Carothers and Minckley 1981; Tyus and Nikirk 1990; Douglas and 
14 Marsh 1996b).  Valdez and Ryel (1995) report that 10 predatory  nonnative species that 
15 potentially prey on flannelmouth sucker inhabit the Colorado River in Grand Canyon. 

16 Flannelmouth suckers have also been reported to hybridize with other native and 
17 nonnative suckers.  Hybridization between flannelmouth and razorback suckers has been 
18 reported in the Grand Canyon of the Colorado River (Maddux et al. 1987; Valdez and 
19 Ryel 1995).   There appears to be a relatively high occurrence of hybridization in the 
20 Grand Canyon area, possibly related to the low abundance of razorback suckers (Valdez 
21 and Carothers 1998).  In the Little Colorado River from 1991 to 1995, Douglas and 
22 Marsh (1996b) found 25 razorback/flannelmouth hybrids. 

23 Studies funded by Reclamation during 1998–2002 show excellent recruitment of 
24 flannelmouth sucker in the LCR below Davis Dam (Mueller 2003).  The present 
25 population of flannelmouth is estimated at more than 4,000, all of which originated from  
26 an original stocking of 611 in 1976.  A possible reason for the increase of flannelmouth 
27 sucker, relative to the continued decline of razorback sucker, is preference for main river 
28 channel areas.  The main channel supports lower abundance and density  of nonnative 
29 predator species compared to off-channel and backwater areas.  Early juvenile razorback 
30 sucker depend on slack water within off-channel and backwater areas and are exposed to 
31 higher predation by nonnative species than are flannelmouth sucker. 

32 Management Needs 

33 Management needs for this species include ameliorating the effects of reservoirs and 
34 nonnative fish species in flannelmouth waters and monitoring the status of populations 
35 (Arizona Game and Fish Department 1996c).  Existing management actions include 
36 yearly monitoring activities for flannelmouth sucker populations in the Colorado River 
37 from Lee Ferry  downstream to Lake Mead.  This monitoring has been conducted since 
38 1986 by the AGFD. 

39 The GCMRC (1998) has funded monitoring and research activities for this species as part 
40 of its Biological Resources Program.  The objective of this program is to provide the 
41 knowledgebase required to implement ecosystem  management strategies within an 
42 adaptive management framework. 
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Status of LCR MSCP Covered Species 

1 The flannelmouth sucker is also a high-priority evaluation species under the Clark 
2 County MSHCP (Regional Environmental Consultants 1998).  Evaluation species are 
3 those taxa for which additional information is required or for which sufficient 
4 management prescriptions are unlikely to be defined and implemented sufficiently to 
5 support an application for a 10(a) permit at this time (Regional Environmental 
6 Consultants 1998).  Evaluation species are prioritized into three categories: high,  
7 medium, and low.  The categories establish the order in which future efforts will be made 
8 to secure coverage (Regional Environmental Consultants 1998).  Existing and proposed 
9 conservation actions include general and ecosystem-level actions for desert 

10 riparian/aquatic and spring areas.  Additional conservation actions include the 
11 development of a coordinated management plan for the Virgin River that incorporates 
12 conservation needs identified both in the species’ recovery  plan and in recovery plans for 
13 the Virgin River chub and woundfin (Regional Environmental Consultants 1998).  

14 Recovery Goals 

15 There are no agency-mandated recovery goals for the flannelmouth sucker. 

16 I.1.2.19  MacNeill’s Sootywing Skipper (Pholisora 
17 gracielae) 

18 Legal Status 

19 The MacNeill’s sootywing skipper has no legal status. 

20 Other Status 

21 The MacNeill’s sootywing skipper is also: 

22  Federal species of concern, 

23  a G2G3 (global rank) and an S? (state rank unknown) under the Arizona Natural 
24 Heritage Program, 

25  a BLM and USFS sensitive species in Arizona, 

26  a G4 (global rank) and an S1 (state rank) under the Nevada Natural Heritage 
27 Program, and  

28  a BLM special-status species in Nevada. 

29 Species Distribution 

30 MacNeill’s sootywing skipper has been reported from scattered, isolated locations along 
31 the Colorado River in Utah, Nevada, Arizona, and California (Emmel and Emmel 1973; 
32 Scott 1986; Wiesenborn 1997). 
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1 In Nevada, MacNeill’s sootywing skipper is reported from Clark County, along the 
2 Muddy River from Hidden Valley to south of Overton in the Moapa Valley.  In Arizona, 
3 this species has been reported from Mohave, La Paz, Yuma, Yavapi, Maricopa, and Pinal 
4 Counties, along the Colorado and Bill Williams Rivers.  In California, records are from  
5 San Bernadino, Riverside and Imperial Counties, along the Colorado River and Bennet 
6 Wash.  The type locality for this species is in the vicinity of Parker Dam.  

7 Habitat Requirements and Special Considerations 

8 Very little is known about the life history and ecology of the MacNeill’s sootywing 
9 skipper (Wiesenborn 1997).  Two generations fly per year:  April and July to October 

10 (Emmel and Emmel 1973).  Flight is rarely more than 8 inches above the ground and is a 
11 somewhat erratic, “bouncy” slow fluttering sort of flight. 

12 Species Description 

13 MacNeill’s sootywing skipper is a small-sized (wingspread 0.8–1.0 inch) butterfly that is 
14 dusky  black and brown with white markings (Emmel and Emmel 1973).  This skipper is a 
15 poor flyer and flutters weakly, although Wiesenborn (1997) reported MacNeill’s 
16 sootywing skipper flying frequently.  The MacNeill’s sootywing skipper may be 
17 confused with the saltbush sootywing skipper, a fast-flying, slightly larger species that 
18 ranges over most of the Great Basin and Mojave Deserts. 

19 The egg of this species is white and sculptured with large prominences linked by ridges.  
20 The larval form of MacNeill’s sootywing skipper is lackluster green with off-white 
21 nodules.  The pupae are straw colored with white flecks and are hirsute over the body and 
22 head. 

23 The genus Pholisora was first described and defined by Scudder in 1872.  Dyar (1902) 
24 moved the Great Basin sootywing and the saltbush sootywing species into the genus 
25 Heperopsis; however, not all taxonomists followed his classification (Emmel and Emmel 
26 1973).  MacNeill’s sootywing skipper was originally  described in the genus Pholisora by  
27 MacNeill in 1970; however, some authors use Dyar’s  designation (Wiesenborn 1997) 

28 Habitat Description 

29 The specific physical parameters that determine the suitability of habitat for MacNeill’s 
30 sootywing skipper have not been described.  The skipper lives in areas that support dense 
31 patches of the larval host plant and other plants that can be used as nectar sources by the 
32 adults.  The larvae feed exclusively  on quail bush (Torrey) (Chenopodiaceae), a 
33 halophytic plant that typically  occurs in large clumps along the LCR in drainage systems.  
34 Adult MacNeill’s sootywing skippers are obligatory nectar feeders and will fly  up to 
35 820 feet away from the host plant to find suitable nectar sources.  Therefore, MacNeill’s 
36 sootywing skipper needs quail bush scrub areas adjacent to riparian communities that 
37 support nectar sources such as honey mesquite. 
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Status of LCR MSCP Covered Species 

1 Wiesenborn (1998, 1999) demonstrated that the skipper avoids direct sunlight and 
2 primarily stays in dense quail bush or honey mesquite where the shade cover is densest.  
3 Wiesenborn (pers. comm.) also stated that the skipper is associated with quail bush/honey 
4 mesquite riparian vegetation that is in areas with a high groundwater table. 

No information has been published as to the minimum patch size capable of supporting a 
6 population. 

7 Feeding 

8 Larval MacNeill’s sootywing skipper exclusively feed on quail bush (Wiesenborn 1997).  
9 The larvae roll the quail bush leaves into a protective cover while feeding (Comstock 

1929).  The quail bush cannot be used by the MacNeill’s sootywing skipper as a nectar 
11 source for the adults because the plant is wind rather than insect pollinated and does not 
12 have nectaries.  Adults have been recorded as flying as much as 850 feet away from the 
13 host plant to find nectar sources.  Wiesenborn (1997) reported MacNeill’s sootywing 
14 skipper as using the riparian honey mesquite, a plant with numerous extrafloral nectaries, 

on the Bill Williams River.  Other plants used by the adult include saltcedar, alfalfa, 
16 heliotrope, and sweet bush (Austin and Austin 1980; Wiesenborn 1997). 

17 Breeding 

18 The reproductive ecology of MacNeill’s sootywing skipper was partially described by 
19 Comstock (1929) under the incorrect name of Pholisora alpheus (Emmel and Emmel 

1973).  Males perch or patrol for females. 

21 Regionally Significant Populations in the LCR MSCP 
22 Planning Area 

23 Regionally significant populations are present at the Cibola NWR and along the lower 
24 Bill Williams River. 

Population Status and Reasons for Decline 

26 There is insufficient information available on the ecology, population biology, and 
27 distribution of MacNeill’s sootywing skipper to assess its population trend.  It is 
28 presumed that because MacNeill’s sootywing skipper primarily inhabits quail bush scrub 
29 adjacent to riparian areas, threats to this type of vegetation and its associated fauna 

probably also threaten this species.  These threats include changes in land-use practices 
31 that remove or damage or destroy the biological functions of quail bush scrub adjacent to 
32 riparian areas, as well as damaging or destroying the surrounding watersheds that feed the 
33 drainages that support MacNeill’s sootywing skipper habitat. 

34 Adjacent land uses may also influence populations of MacNeill’s sootywing skipper.  
Agricultural activities may have a negative impact if habitat is removed, or pesticides and 
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Status of LCR MSCP Covered Species 

1 herbicides are used, however crops such as alfalfa have been reported to be used by the 
2 MacNeill’s sootywing skipper as a nectar source (Austin and Austin 1980). 

3 Management Needs 

4 No management needs have been identified for the MacNeill’s sootywing skipper. 

5 Existing Management Actions 

6 No existing management actions have been identified for the MacNeill’s sootywing 
7 skipper.  Protection of known populations of MacNeill’s sootywing skipper and their 
8 surrounding habitat, however, would reduce the need for state or Federal agencies to list 
9 this species as rare, threatened, or endangered.  Additional surveys by recognized experts 

10 will help establish the entire range of this species and yield more data on the microhabitat 
11 requirements of this species.  Furthermore, these surveys will provide collateral 
12 information on the number of viable populations needed to determine the recovery 
13 threshold for the MacNeill’s sootywing skipper. 

14 Recovery Goals 

15 There are no agency-mandated recovery goals for the MacNeill’s sootywing skipper. 

16 I.1.2.20 Sticky Buckwheat (Eriogonum viscidulum) 

17 Legal Status 

18 The sticky buckwheat is listed as a critically endangered plant in Nevada. 

19 Other Status 

20 The sticky buckwheat is also: 

21  a Federal species of concern, 

22  a G2 (global rank) and an S2 (state rank) in the Nevada Natural Heritage Program 
23 and 

24  a BLM special-status species in Nevada. 

25 Species Distribution 

26 The sticky buckwheat is restricted to the northwestern corner of Arizona (Mohave 
27 County) and eastern Nevada (Clark County, Lincoln County).  The species’ range 
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Status of LCR MSCP Covered Species 

1 includes an estimated 60-mile area between the Muddy and Virgin River drainages.  It is 
2 found from the Middle Point area of Lake Mead in the southern portion of its range to 
3 Weiser Wash in the northwest and Sand Hollow Wash and Coon Creek in the northeast.  
4 Additional localities include East Mormon Mesa, Toquop Wash, and the Virgin River 

Valley (including the type locality at the Virgin River Bridge at Riverside) (Reveal and 
6 Ertter 1980; Reveal 1985b; Niles et al. 1995).  This species has also been reported from 
7 the Muddy Mountains (Knight 1983) and was recently collected east of Lake Mead, 
8 along Mud Wash in the vicinity of Gold Butte (Niles et al. 1997).  In the Lake Mead 
9 NRA, this species is found primarily along the shoreline of the Overton Arm (Reveal and 

Ertter 1980; Niles et al. 1995; National Park Service 1999a).  Specific localities include 
11 Ebony Cove and areas south of the cove (e.g., vicinity of Middle Point), Lime Cove and 
12 Whale Rock, Glory Hole, Kline Hole, Little Bitter Wash, and along the road to Overton 
13 Beach (Niles et al. 1995; National Park Service 1999a). 

14 Habitat Requirements and Special Considerations 

The sticky buckwheat is an endemic species that has adapted to specialized habitat 
16 conditions in a narrow, geographically restricted range.  This species appears to be 
17 restricted to fine-grained soil sites and may have a particular affinity for caliche-capped 
18 sand or sand containing weathered calcareous rock (Niles et al. 1995).  The geographic 
19 distribution of this species correlates with outcroppings of the Muddy Creek Formation, 

which is widely exposed around Lake Mead and also occurs along the Muddy River, 
21 Meadow Valley Wash, and Virgin River Valley (Niles et al. 1995).  It has been 
22 traditionally associated with deep sand (e.g., low dunes, washes) or sandy areas and 
23 shorelines, and some of the highest density populations occur in these substrates (Knight 
24 1983; Reveal 1985a; Niles et al. 1995; National Park Service 1999a; Powell pers. 

comm.).  Recently, however, it has also been reported from weathered soils in protected 
26 areas along the edges of mesas (e.g., Mormon Mesa, Weiser Wash, and Sand Hollow 
27 Wash) and from solidified sands in dry wash channels (e.g., Virgin River drainage, 
28 Toquop Wash).  The sticky buckwheat is typically found in association with Mojave 
29 mixed scrub communities (Niles et al. 1995), at an elevation between 1,000 and 

2,500 feet.  In shoreline areas around Lake Mead, the sticky buckwheat occurs in areas 
31 that are subject to inundation as water levels change.  Within these areas, arrowweed and 
32 saltcedar are frequently present and may compete with this species (National Park 
33 Service 1999a).  Population dynamics in these shoreline areas of Lake Mead are 
34 stochastic, and the distribution and abundance of the species can change substantially 

from year to year.  In addition to its sensitivity to rainfall, which is highly variable in this 
36 region, local populations are extirpated by high-water levels but can reappear rapidly in 
37 recently exposed drawdown zones (Powell pers. comm.).  Recent observations indicate 
38 explosive population growth of weeds in the drawdown zone, which threatens the 
39 recovery of the sticky buckwheat populations (Powell pers. comm.). 

The sticky buckwheat is a tall, erect, diffusely branched annual herb with small yellow 
41 flowers.  Leaves are basal (or occasionally sheathing up the base) and densely tomentose 
42 to floccose-tomentose on one or both surfaces (Reveal 1985a).  This species is a winter 
43 annual, with seeds germinating after winter rains (e.g., late February–early March).  The 
44 blooming period for the sticky buckwheat is generally from April to late June (Reveal 

1985a; Niles et al. 1995).  The presence of this species and the number and size of 
46 individuals can vary considerably from year to year in a particular location and appear to 
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Status of LCR MSCP Covered Species 

1 be correlated with winter precipitation and possibly temperature (Niles et al. 1995; 
2 National Park Service 1999a). 

3 Regionally Significant Populations in the LCR MSCP 
4 Planning Area 

Regionally significant populations of this species in the LCR MSCP planning area occur 
6 along the shoreline of the Overton Arm of Lake Mead.  The location and size of local 
7 populations has changed in recent years as a result of fluctuating lake levels.  During the 
8 high-water years of 1998–2000, populations at Kline Hole, Lime Cove/Whale Rock, 
9 Lime Cove, and Glory Hole were inundated and apparently have not recovered since, 

although the species has appeared in new locations during 2003 (Powell pers. comm.).  
11 Smaller, potentially significant populations in the LCR MSCP planning area in the past 
12 have included those south of Ebony Cove, in the vicinity of Overton Beach; along the 
13 Virgin River Valley; and along the Muddy River.  The status of these populations is 
14 currently unknown.  Smaller populations are considered regionally significant if they can 

be considered potential source populations for recolonization or they might facilitate 
16 exchange of genetic material between larger populations.  Regionally significant 
17 populations recorded in the vicinity of the LCR MSCP planning area also include Weiser 
18 Wash and Sand Hollow Wash.  With the apparent loss of historical populations and the 
19 establishment of new ones during the past few years, a new survey and monitoring 

program would be needed to ascertain the status of the species in the LCR MSCP 
21 planning area (Powell pers. comm.). 

22 Population Status and Reasons for Decline 

23 As indicated by its listing as critically endangered, Nevada considers the sticky 
24 buckwheat to be in danger of extinction.  Although there is no evidence that the sticky 

buckwheat had a wider geographic range in the past, local populations and habitat of the 
26 species were probably eliminated with the flooding of Lake Mead.  In the long term, 
27 impoundment of the river prevents the natural replenishment of sand in shoreline areas, 
28 which may result in the gradual shrinking of the species’ habitat (National Park Service 
29 1999a).  Although the sticky buckwheat is restricted to a relatively small range, it is 

found in several discrete populations within that range.  Many of these populations were 
31 reported as “robust” during 1995 surveys (Niles et al. 1995).  However, local populations 
32 occur within relatively small areas, are quite variable in size, and are vulnerable to 
33 extirpation (National Park Service 1999a).  Some of the largest populations of this 
34 species occur along the shoreline of Lake Mead, where receding waters in previous years 

created ideal habitat for this species (Niles et al. 1995; National Park Service 1999a).  
36 High-water levels at Lake Mead during 1998–2000, however, apparently decimated these 
37 larger populations (National Park Service 1999a; Powell pers. comm.), although new 
38 sites have since been recolonized in the drawdown zone (Powell pers. comm.).  
39 Additional causes of decline for this species include trampling and grazing by burros and 

livestock, off-road vehicle use, utility corridors and road grading, habitat displacement by 
41 saltcedar and arrowweed, and sand/gravel mining along the Muddy River (Niles et al. 
42 1995; Regional Environmental Consultants 1998; National Park Service 1999a; Powell 
43 pers. comm.). 
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Status of LCR MSCP Covered Species 

1 Current Threats to Species Survival 

2 Major threats to this species in the LCR MSCP planning area include: 

3  loss of habitat from inundation and rising water levels at Lake Mead, 

4  invasion of shoreline (beach) areas by other plant species (e.g., saltcedar and 
5 arrowweed), and, 

6  possibly, trampling and grazing by burros. 

7 Shoreline recreation does not currently  appear to be a major threat to this species because 
8 the beaches where it occurs do not receive heavy recreational use.  In addition, the 
9 species typically flowers and sets seed prior to the beginning of heavy use periods at the 

10 lake (Niles et al. 1995; National Park Service 1999a; Powell pers. comm.). 

11 Recent observations (Powell pers. comm.) indicate that the threat posed by invasive 
12 weeds in the shoreline drawdown zone of Lake Mead is more severe than previously  
13 thought.  A prolific hybrid  between Tamarix chinensis and T. ramosissima has invaded 
14 the shoreline and has been shown to be exceptionally  vigorous.  In addition, athel 
15 reproduces by seed around the shoreline of Lake Mead and is gradually expanding its 
16 hold on shoreline-riparian areas.  Finally, other species of weeds have become abundant  
17 in the drawdown zone, including Russian thistle, Sahara mustard, and common species of 
18 Sysimbrium not previously  noted as threats to native plants in this area (Powell pers. 
19 comm.). 

20 Management Needs 

21 Current observations (Powell pers. comm.) suggest that the control of invasive weeds, 
22 especially tamarisk, around Lake Mead is of paramount importance to the sticky  
23 buckwheat and other riparian and shoreline species.  As populations of invasive species 
24 expand, their production of seeds and ability to take over new sites increases, and they 
25 will preempt sites that could support native plant populations.  Another primary  
26 management need for this species in the LCR MSCP planning area is population  
27 monitoring along the Lake Mead shoreline to assess: 

28  the long-term effects of periodic inundation on species viability,  including the rate of 
29 recolonization; 

30  habitat replacement by saltcedar or other invasive species (native species such as  
31 arrowweed appear to be a less immediate problem); 

32  the effects of burro trampling and grazing; and 

33  the effects of shoreline recreation on populations. 

34 Management recommendations based on results of this monitoring could include 
35 managing lake levels to ensure the presence of suitable habitat for this species, removal 
36 of undesirable plant species, fencing to exclude burros, and restrictions on shoreline 
37 recreation in certain locations. 
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Status of LCR MSCP Covered Species 

1 Existing Management Actions 

2 No specific management actions have been implemented for this species.  Ongoing 
3 surveys for the sticky buckwheat are being conducted by the University of Nevada, Las 
4 Vegas (UNLV) as part of a 5-year Assistance Agreement between the university and the 

Nevada State Office of the BLM.  This agreement provides for surveys of special-status 
6 plants on public lands in the eastern Mojave Desert within southern Nevada (Niles et al. 
7 1995, 1997).  In addition, NPS is periodically surveying habitats and populations of the 
8 sticky buckwheat in the Lake Mead NRA (National Park Service 1999a). 

9 The sticky buckwheat is a covered species under the Clark County MSHCP.  The 
following discussion refers to existing or proposed management actions that may benefit 

11 this species under that plan.  Most of the habitat for this species in the MSHCP occurs on 
12 BLM and NPS lands, and the basis for coverage was that “implementation of existing 
13 management, including the Nevada Division of Forestry (NDF) permit requirements, 
14 should provide adequate conservation for this species (Regional Environmental 

Consultants 1998, 2000).”  Agencies identified in the Clark County MSHCP as 
16 responsible for existing or proposed management actions that may affect this species at 
17 the general, ecosystem, and species-specific levels include the BLM, NPS, and NDF. 

18 The BLM has responsibility for the following general or ecosystem-level conservation 
19 measures, as identified in the Clark County MSHCP (Regional Environmental 

Consultants 1998, 2000): 

21  continue to conduct inventories on special-status plants; 

22  manage wild horses and burros as necessary to protect special-status species in 
23 important habitat areas; 

24  where feasible, rehabilitate, reclaim, or revegetate areas subjected to surface-
disturbing activities, with emphasis on habitat for covered species; and 

26  control and/or eradicate tamarisk. 

27 It is important to note that none of the measures above is specific to the sticky 
28 buckwheat, so they may or may not result in direct or indirect benefits to this species. 

29 The BLM has also submitted and received funding for a biennium budget request to the 
Clark County Desert Conservation Plan Implementation and Monitoring Committee for 

31 special-status plant inventories on BLM and USFS lands.  Funding for this and other 
32 projects was authorized by Secretary Norton on June 26, 2001.  The focus of these 
33 surveys will be on recording locational data, as well as population (e.g., relative 
34 abundance, phenology) and habitat information (e.g., disturbance, soil, plant associates).  

The BLM’s inventory will focus on the sticky buckwheat and three-corner milkvetch. 

36 The NPS has several existing, funded, general, ecosystem, and species-specific 
37 conservation measures that may benefit this species, including the following (Regional 
38 Environmental Consultants 1998, 2000): 

39  coordinate the inventory of the sticky buckwheat and the three-cornered milkvetch 
with other survey efforts on Federal lands, 
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Status of LCR MSCP Covered Species 

1  manage burro populations under the NPS burro management plan to ensure resources 
2 are protected, and 

3  investigate the basic ecology of the obligate pollinators of target plant species listed 
4 in the Clark County MSHCP to ensure that LCR MSCP conservation measures 
5 complement conservation recommendations and the location of protected areas and 
6 ensures the inclusion of the pollinators’  full habitat and food source requirements. 

7 In addition, the NPS submitted and received funding for a biennium budget request to the 
8 Clark County Desert Conservation Plan Implementation and Monitoring Committee for 
9 rare plant inventory and monitoring and for the inventory of invasive weeds.  Funding for 

10 this and other projects was authorized by Secretary Norton on June 26, 2001.  This 
11 project specifically includes both continued surveys for the sticky  buckwheat and the 
12 design and implementation of a monitoring plan for this species.  Work on this project is 
13 in progress as of July  2003.  The NPS has pending an additional proposal to the Clark 
14 County Desert Conservation Plan Implementation and Monitoring Committee for a 
15 vegetation monitoring program to address rare plants, plant poaching, and weed 
16 management. 

17 The NDF is responsible for prohibiting the removal or destruction of native flora listed as 
18 fully protected (Nevada Revised Statutes [NRS] 527.270).  This listing includes critically  
19 endangered species such as the sticky  buckwheat.  In addition, the NDF will cooperate 
20 and enter into agreements, to the maximum  extent practicable, with the Clark County  
21 MSHCP participants for the administration and management of areas established for the 
22 conservation, protection, restoration, and propagation of native plant species threatened 
23 with extinction (i.e., critically endangered species), pursuant to NRS 527.300 (Regional 
24 Environmental Consultants 1998, 2000). 

25 The NDF has submitted a biennium budget request to the Clark County Desert 
26 Conservation Plan Implementation and Monitoring Committee for a full-time forester.  
27 This proposal did not receive funding during the 2001–2002 funding cycle but has been 
28 resubmitted as part of the current (Round 4) list of projects for which funding is proposed 
29 under the Southern Nevada Public Land Management Act of 1998.   This position would 
30 be responsible for determining that the Clark County MSHCP can be implemented 
31 without further endangering any Nevada critically endangered plant species and for 
32 implementing and monitoring mitigation measures.  The forester would be responsible 
33 for completing a comprehensive investigation for each listed species in the MSHCP and 
34 developing a mitigation plan, which would include: 

35  establishment of a conservation area and the signing of a conservation agreement, 

36  conservation area management and oversight in perpetuity, 

37  identification of research needs, 

38  oversight and management of research activities, 

39  transplanting trials, and 

40  soil stockpiling. 
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Status of LCR MSCP Covered Species 

1 The forester would also work with Federal, state, and local agencies to design, 
2 implement, and evaluate a research project on the propagation of state-listed plant species 
3 in Clark County. 

4 Recovery Goals 

5 There are no agency-mandated recovery goals for the sticky buckwheat. 

6 I.1.2.21 Threecorner Milkvetch (Astragalus geyeri 
7 var. triquetrus) 

8 Legal Status 

9 The threecorner milkvetch is listed as a critically endangered plant in Nevada. 

10 Other Status 

11 The threecorner milkvetch is also: 

12  a Federal species of concern, 

13  a G4?T2 (global rank) and an S1 (state rank) in the Arizona Heritage Data 
14 Management System, 

15  a G4?T2 (global rank) and an S2 (state rank) in the Nevada Natural Heritage 
16 Program, and 

17  a BLM special-status species in Nevada. 

18 Species Distribution 

19 The threecorner milkvetch occurs in northwestern Mohave County, Arizona, and Clark 
20 and Lincoln Counties, Nevada, where it is rare and localized along the lower Muddy, 
21 Virgin, and Colorado Rivers (Niles et al. 1995; U.S. Fish and Wildlife Service 1992; 
22 Barneby 1989; Knight 1983).  The range of this taxon includes an estimated 75-mile area 
23 (south to north) from near Calville Bay at Lake Mead NRA to Sand Hollow Wash in 
24 Mohave County, Arizona, and southeastern Lincoln County, Nevada.  On an east-west 
25 axis, the species occurs across a 40-mile) area from St. Thomas Gap to Dry Lake Valley. 
26 Additional localities in or near the LCR MSCP planning area include the Overton Arm of 
27 Lake Mead (e.g., Hamblin Bay/Sandy Cove, Ebony Cove, Middle Point, vicinity of 
28 Overton Wildlife Management Area and Overton sewage lagoons), Mormon Mesa, Little 
29 Bitter Wash, Virgin River Valley, Toquop Wash, Weiser Wash, Mud Wash, and Red 
30 Rock Springs (Niles et al. 1995, 1997; National Park Service 1999b). 
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1 Habitat Requirements and Special Considerations 

2 The threecorner milkvetch is an endemic that has adapted to specialized habitat 
3 conditions within a narrow, geographically restricted range.  This species appears to be 
4 restricted to fine-grained soil sites.  Its geographic distribution is similar to the sticky 
5 buckwheat in terms of occurring on outcroppings of the Muddy Creek Formation.  Unlike 
6 the sticky  buckwheat, however, the threecorner milkvetch does not seem to occur on 
7 caliche-capped sand, and the two taxa rarely  occupy the same sites within the Muddy 
8 Creek formation (Niles et al. 1995).  The threecorner milkvetch is typically associated 
9 with sand or sandy soil in flats, dunes, washes, gullies, and sandy valley floors at an 

10 elevation between about 1,100 and 2,400 feet (Nevada Natural Heritage Program 2001).  
11 Recent studies verify that this variety  has an affinity for sand-related areas and may occur 
12 on stabilized sands (often with a sparse gravel covering) and on deep dunes.  Many  
13 localities are adjacent to dunes or on blowouts on active dunes (Niles et al. 1995, 
14 National Park Service 1999b).  This variety  is found in association with creosote bush 
15 scrub (U.S. Fish and Wildlife Service 1992; Knight 1983; Mozingo and Williams 1980; 
16 Barneby 1989; Niles et al. 1995; National Park Service 1999b; Powell pers. comm.). 

17 The threecorner milkvetch is a slender, often diminutive annual.  Leaves and stems are 
18 covered with a soft, ashy (cinereous) pubescence.  Flowers are typically whitish or white 
19 with faint pink veinings but turn violet upon drying.  Pods are inflated, unilocular, and 
20 triangular in cross section (Barneby 1989; Mozingo and Williams  1980; National Park 
21 Service 1999b).  This variety is a winter annual, with seeds germinating after winter rains 
22 (e.g., late February–early  March).  Plants flower within 4–6 weeks of germination, so 
23 they typically bloom and begin to set seed by  late March–early April.  In many locations, 
24 plants are senescent by mid-June but may persist for a longer period of time, depending 
25 on latitude and rainfall (Niles et al. 1995; Barneby  1989).  The occurrence, number, and 
26 size of individuals at a particular location in a given year are quite variable (National 
27 Park Service 1999b; Powell pers. comm.) and appear to correlate with winter 
28 precipitation and possibly  temperature (Niles et al. 1995).  Shifting  sands in the dune 
29 environment probably influence germination and local population sizes by exposing or 
30 burying seed reserves of this species (National Park Service 1999b). 

31 Regionally Significant Populations in the LCR MSCP   
32 Planning Area 

33 Regionally significant populations of the threecorner milkvetch in the LCR MSCP 
34 planning area occur along the shoreline of Lake Mead, including the Overton Arm.  The 
35 largest populations occur at Hamblin Bay and Sandy Cove (Niles et al. 1995; National 
36 Park Service 1999b; Powell pers. comm.).  The largest population, at Sandy Cove, is 
37 monitored annually by the NPS (Powell pers. comm.).  Smaller, potentially significant 
38 populations in the LCR MSCP planning area include those at Ebony Cove, at the  
39 unnamed cove between Ebony Cove and Middle Point, at Little Bitter Wash, on the 
40 Virgin River Dunes, in that portion of the Virgin River Valley in the Lake Mead NRA, 
41 east of the Overton Wildlife Management Area (including near the Overton sewage 
42 ponds), and, possibly, along the Muddy  River.  Smaller populations are considered 
43 regionally significant if they can be considered potential source populations for 
44 recolonization or might facilitate exchange of genetic material between larger 
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Status of LCR MSCP Covered Species 

1 populations.  Regionally significant populations in the vicinity of the LCR MSCP 
2 planning area include Toquop Wash, Sand Hollow Wash, Mormon Mesa, Weiser Wash, 
3 and Dry Lake Valley.  

4 Population Status and Reasons for Decline 

5 Although the threecorner milkvetch is restricted to a relatively small range, several  
6 populations occur within that range.  Most extant populations appear to be relatively 
7 small, with more than half of these populations consisting of fewer than 100 individuals 
8 (Niles et al. 1995, 1997; National Park Service 1999b).  Many  populations either do not  
9 appear on a yearly basis or fluctuate in size from year to year.  For example, an estimated 

10 1,500 individuals were observed at Sandy Cove in 1995; 1998 population size in the 
11 same location was estimated at 300 plants (Niles et al. 1995; National Park Service 
12 1999b; Powell pers. comm.).  During 2002, an extremely  dry  year, no plants were 
13 observed, whereas in 2003, approximately 300 plants were observed. 

14 Population trends have not been well documented for the threecorner milkvetch.  The 
15 variability mentioned above makes it difficult to assess long-term trends.  Germination 
16 may be influenced by sand movement on dunes, as well as by rainfall (National Park 
17 Service 1999b), and poor seed production and insect infestations may contribute to the 
18 limited distribution or small population sizes observed for this variety (Mozingo and 
19 Williams 1980).  On the other hand, some populations may have been directly  affected by  
20 rising water levels at Lake Mead (e.g., Middle Point).  Additional causes of decline for 
21 this taxon may include shoreline recreation, trampling and grazing by burros and  
22 livestock, off-road vehicle use, and utility corridors (Niles et al. 1995). 

23 Current Threats to Species Survival 

24 Threats to the threecorner milkvetch in the LCR MSCP planning area have not been well 
25 defined.  Some populations of this variety may be potentially threatened by: 

26  loss of habitat from inundation and rising water levels at Lake Mead; 

27  invasion of shoreline (beach) areas by other plant species (e.g., saltcedar, 
28 tumbleweed, Sahara mustard [Powell pers. comm.]); and, possibly,  

29  trampling and grazing by  burros. 

30 The threecorner milkvetch often occurs further back from the shoreline than the sticky 
31 buckwheat, however, and may be less affected by these factors (Powell pers. comm.).  
32 Shoreline recreation does not currently  appear to be a major threat to this species because 
33 the species typically flowers and sets seed prior to the beginning of heavy  use periods at 
34 the lake (Niles et al. 1995; Powell pers. comm.). 
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1 Management Needs 

2 Invasive exotic plant species threaten the dune ecosystem in the long-term and need to be 
3 addressed regionally.  Otherwise, the primary management need for this taxon in  the 
4 LCR MSCP planning area is population monitoring along the Lake Mead shoreline to 
5 assess the degree and long-term effects of: 

6  illegal off-road vehicle use of the Virgin River Dunes; 

7  habitat replacement by invasive alien plants; 

8  burro trampling and grazing; and 

9  shoreline recreation. 

10 Management recommendations based on results of this monitoring could include 
11 enforcing off-road vehicle (ORV) prohibitions, regulating lake levels to ensure the 
12 presence of suitable habitat for this species, removal of undesirable plant species, fencing 
13 to exclude burros, and, potentially, restricting shoreline recreation in certain locations. 

14 Existing Management Actions 

15 No specific management actions have been implemented for the threecorner milkvetch.  
16 The NPS conducts weed control in shoreline-dune areas that support this species (Powell 
17 pers. comm.).  Ongoing surveys for the threecorner milkvetch are being conducted by  
18 UNLV as part of a 5-year Assistance Agreement between the university and the Nevada 
19 State Office of the BLM.  This agreement provides for surveys of special-status plants on 
20 public lands in the eastern Mojave Desert in southern Nevada (Niles et al. 1995, 1997).  
21 In addition, the NPS is periodically monitoring some populations in the Lake Mead NRA 
22 (National Park Service 1999b).  A phenological study  of this species was conducted by  
23 NPS personnel, in conjunction with a student at UNLV (Powell pers. comm.). 

24 The threecorner milkvetch is a covered species under the Clark County MSHCP.  The 
25 following discussion refers to existing or proposed management actions that may benefit 
26 this taxon under that plan.  Most of the habitat for the threecorner milkvetch in the 
27 MSHCP occurs on BLM and NPS lands, and the basis for coverage was that 
28 “implementation of existing management, including NDF permit requirements, should  
29 provide adequate conservation for this species (Regional Environmental Consultants 
30 1998, 2000).”  Agencies identified in the Clark County MSHCP as responsible for 
31 existing or proposed management actions that may affect this taxon at the general, 
32 ecosystem, and species-specific levels include the BLM, NPS, and NDF. 

33 The BLM has responsibility for the following general or ecosystem-level conservation 
34 measures, as identified in the Clark County MSHCP (Regional Environmental 
35 Consultants 1998, 2000): 

36  continue to conduct inventories on special-status plants; 

37  manage wild horses and burros as necessary to protect special-status species in 
38 important habitat areas; 
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1  where feasible, rehabilitate, reclaim, or revegetate areas subjected to surface-
2 disturbing activities with emphasis on habitat for covered species; and 

3  control or eradicate tamarisk. 

4 It is important to note that none of the measures above is specific to the threecorner 
5 milkvetch, so they may or may not result in direct or indirect benefits to this taxon. 

6 The BLM has also submitted and received funding for a biennium budget request to the 
7 Clark County Desert Conservation Plan Implementation and Monitoring Committee for 
8 special-status plant inventories on BLM and USFS lands.  Funding for this and other 
9 projects was authorized by Secretary Norton on June 26, 2001.  The focus of these 

10 surveys will be on recording locational data, as well as population (e.g., relative 
11 abundance, phenology) and habitat information (e.g., disturbance, soil, plant associates).  
12 The BLM’s inventory will focus on the sticky  buckwheat and three-corner milkvetch. 

13 The NPS has a number of existing, funded, general, ecosystem, and species-specific 
14 conservation measures that may benefit this taxon, including the following (Regional 
15 Environmental Consultants 1998, 2000): 

16  coordinate the inventory  of the threecorner  milkvetch and the sticky buckwheat with 
17 other survey  efforts on Federal lands, 

18  manage burro populations under the NPS burro management plan to ensure resources 
19 are protected, and 

20  investigate the basic ecology of the obligate pollinators of target plant species listed 
21 in the Clark County MSHCP to ensure that LCR MSCP conservation measures 
22 complement conservation recommendations and the location of protected areas and 
23 ensures the inclusion of the pollinators’  full habitat and food source requirements. 

24 In addition, the NPS submitted and received funding for a biennium budget request to the 
25 Clark County Desert Conservation Plan Implementation and Monitoring Committee for 
26 rare plant inventory and monitoring, and for the inventory  of invasive weeds.  Funding  
27 for this and other projects was authorized by Secretary Norton on June 26, 2001.  This 
28 project specifically includes both continued surveys for the threecorner milkvetch and the 
29 design and implementation of a monitoring plan for this species.  Work on this project is 
30 in progress as of July  2003.  The NPS has pending an additional proposal to the Clark 
31 County Desert Conservation Plan Implementation and Monitoring Committee for a 
32 vegetation monitoring program to address rare plants, plant poaching, and weed 
33 management. 

34 The NDF is responsible for prohibiting the removal or destruction of native flora listed as 
35 fully protected (NRS 527.270).  This listing includes critically endangered species such 
36 as the threecorner milkvetch.  In addition, the NDF will cooperate and enter into 
37 agreements, to the maximum  extent practicable, with the Clark County MSHCP 
38 participants for the administration and management of areas established for the 
39 conservation, protection, restoration, and propagation of native plant species threatened 
40 with extinction (i.e., critically endangered species), pursuant to NRS 527.300 (Regional 
41 Environmental Consultants 1998, 2000). 
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1 The NDF has submitted a biennium budget request to the Clark County Desert 
2 Conservation Plan Implementation and Monitoring Committee for a full-time forester.  
3 This proposal did not receive funding during the 2001–2002 funding cycle, but has been 
4 resubmitted as part of the current (Round 4) list of projects for which funding is proposed 
5 under the Southern Nevada Public Land Management Act of 1998. This position would 
6 be responsible for determining that the Clark County MSHCP can be implemented 
7 without further endangering any Nevada critically endangered plant species and for 
8 implementing and monitoring mitigation measures.  The forester would be responsible 
9 for completing a comprehensive investigation for each listed species in the MSHCP and 

10 developing a mitigation plan, which would include: 

11  establishment of a conservation area and the signing of a conservation agreement, 

12  conservation area management and oversight in perpetuity, 

13  identification of research needs,  

14  oversight and management of research activities, and 

15  transplanting trials and soil stockpiling. 

16 The forester would also work with Federal, state, and local agencies to design, 
17 implement, and evaluate a research project on the propagation of state-listed plant species 
18 in Clark County. 

19 Recovery Goals 

20 There are no agency-mandated recovery goals for the threecorner milkvetch. 

21 I.1.3 Evaluation Species 

22 I.1.3.1 California Leaf-Nosed Bat (Macrotus 
23 californicus) 

24 Legal Status 

25 All bats are protected from direct take by the wildlife regulations of each state. 

26 Other Status 

27 The California leaf-nosed bat is also: 

28  a Federal species of concern, 

29  a G4 (global rank) and an S3S4 (state rank) in the Arizona Heritage Data 
30 Management System, 

31  a wildlife species of concern in Arizona, 
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1  a G4 (global rank) and an S2S3 (state rank) in the CNDDB, 

2  a species of special concern in California, 

3  a G4 (global rank) and an S2 (state rank) in the Nevada Natural Heritage Program, 

4  a BLM sensitive species, 

5  a USFS sensitive species (Region 5—Inyo National Forest), and 

6  a highest priority species in the WBWG). 

7 Species Distribution 

8 The California leaf-nosed bat is the northernmost member of the tropical family 
9 Phyllostomatidae.  This species if found from coastal and eastern California to western 

10 New Mexico and from southeastern Nevada south into Baja California and northwestern 
11 mainland Mexico (Hall 1981). 

12 This species occurs throughout the LCR MSCP planning area, where suitable foraging 
13 habitat and roosting structures are present, especially along the Colorado River 
14 (Hoffmeister 1986; Zeiner et al. 1990; Brown, P. 1994; Western Bat Working Group 
15 1998). 

16 California leaf-nosed bats are year-round residents within the LCR MSCP planning area.  
17 This species is believed to not migrate, however, some local movement between roosts 
18 may occur, particularly on a seasonal basis (Nevada Bat Working Group 2001). 

19 Habitat Requirements and Special Considerations 

20 California leaf-nosed bats uses low-elevation vegetation types, such as desert scrub, 
21 alkali scrub, desert washes, riparian associations, and palm oases (Zeiner et al. 1990).  
22 Occurrence records for this species range up to 4,200 feet elevation, but all known roosts 
23 are located below 3,000 feet close to desert riparian areas (Zeiner et al. 1990; Nevada Bat 
24 Working Group 2001). 

25 Feeding.  Although this species is believed to not require drinking water (Bell et al. 
26 1986), it often forages near open water where greater quantities of insect prey congregate.  
27 Food items include large night-flying beetles, grasshoppers, moths, butterflies, 
28 dragonflies, caterpillars, and, possibly, some types of fruits, including those of cacti 
29 (Hoffmeister 1986; Nevada Bat Working Group 2001).  Along the Colorado River, 
30 common prey include short-eared and long-eared grasshoppers, long-horned beetles, 
31 cicadas, sphinx months, and noctulid and cossid moths (Hoffmeister 1986).  California 
32 leaf-nosed bats usually forage close to vegetation or the ground, where they glean their 
33 prey while hovering or during slow flight passes.  Foraging ranges are small, with most 
34 activity within 0.9 mile of day roosts in winter months and up to 5 miles during summer 
35 months (Brown pers. comm.). 

36 Roost Sites.  California leaf-nosed bats use separate daytime and nighttime roosts.  Day 
37 roosts are usually in deep mine tunnels or caves but occasionally may include buildings 
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Status of LCR MSCP Covered Species 

1 or bridges.  Preferred roosts have high ceilings with sufficient room for flight.  Roosting 
2 takes place far enough from the entrance (30–80 feet) to take advantage of the humidity 
3 and moderate temperatures of the cave (Vaughan 1959).  Night roosts are in bridges, 
4 mines, buildings, overhangs, or other structures with overhead protection (Zeiner et al. 

1990). 

6 During winter months, the California leaf-nosed bat forms large colonies in only a few 
7 geothermally heated mines in the deserts of the Southwest (Brown and Berry 1991).  Day 
8 roosts are often in deeper caves or mines and occasionally in abandoned structures 
9 (Zeiner et al. 1990).  Unlike most North American bats, California leaf-nosed bats cannot 

enter torpor during cold periods and, consequently, do not hibernate.  This species, 
11 therefore, requires warm roosts with temperatures of 80.6°F or more during the winter to 
12 survive (Bell 1985). 

13 Maternity colonies are generally located in mines with temperatures that reach 80.6– 
14 89.6°F).  Summer colonies may range up to several hundred individuals in size; winter 

colonies may include up to 1,000 individuals (Nevada Bat Working Group 2001). 

16 Reproduction.  Female California leaf-nosed bats give birth to single offspring during 
17 mid-May to early July.  Females congregate in maternity roosts of up to 100 individuals.  
18 Young are weaned and become volant in July and August (Bradshaw 1962; Hoffmeister 
19 1986).  During July and August, males live apart from the females in small bachelor 

groups. 

21 Males become sexually and reproductively active in July and August and rejoin the 
22 females at their roost sites in September.  At this time, males congregate at lek courtship 
23 sites in the mines and caves.  Insemination, ovulation, and fertilization occur between 
24 September and November.  Unlike most other bat species in the region, California leaf-

nosed bats do not exhibit delayed implantation (Bleier 1975; Hoffmeister 1986); 
26 implantation occurs in October–November, but foetal development is slowed or delayed 
27 until March.  During this time, embryos are maintained at the embryonic disc state 
28 (Bleier 1975). 

29 Regionally Significant Populations in the LCR MSCP 
Planning Area 

31 All California leaf-nosed bat maternity roosts in and near the LCR MSCP planning area 
32 are considered regionally significant.  (Note:  the American Society of Mammalogists 
33 recommends against publicizing locations of bat roosts [American Society of 
34 Mammalogists 1992].) 

Population Status and Reasons for Decline 

36 Populations of California leaf-nosed bats are presumed to be declining and are imperiled 
37 (Western Bat Working Group 1998).  In southern California, this species has disappeared 
38 from most coastal basins and has declined in many other areas (Zeiner et al. 1990).  In 
39 Nevada, historical roosts in the Las Vegas Valley and along the Colorado River have 
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1 been destroyed by abandoned mine closure and inundation during the formation of Lake 
2 Mead and Lake Mohave (Nevada Bat Working Group 2001).  Based on available 
3 information on distribution, population status, ecology and known threats, the WBWG 
4 has ranked California leaf-nosed bat as a red, or high,  priority species.  This classification 
5 indicates that the species is imperiled or is at high risk of imperilment and should be 
6 considered the highest priority for funding, planning, and conservation actions. 

7 Current Threats to Species Survival 

8 Like many cave dwelling bats, loss of suitable roost sites and associated foraging habitat 
9 and disturbances at roost sites are thought to be responsible for the observed population 

10 declines in this species (Williams 1986).  This species is particularly susceptible to 
11 human disturbance that may cause abandonment of roosts during the breeding season.  
12 The impact of human disturbance on roost sites may be significant because of the specific 
13 thermal regime requirements for maternity  roosts.  Closing of mines and caves or 
14 improper gating of entrances can also affect colonies (Arizona Game and Fish 
15 Department 1996c).  The AGFD (1997e) also describes modification of cave conditions, 
16 including changes in air movement, humidity, and temperature, as potentially serious 
17 concerns for this species. 

18 Management Needs 

19 Mines that require gating should require surveys and properly designed gates.  Surveys 
20 are needed to determine the current status of this species.  Studies are also suggested to 
21 determine home range, foraging areas and distances, and local and seasonal movements  
22 (Arizona Game and Fish Department 1997e). 

23 Existing Management Actions 

24 Some mines containing roosts have been gated for protection from potential disturbance 
25 (Arizona Game and Fish Department 1997e).  In addition, the Resource Management 
26 Plan for the Lake Mead NRA (National Park Service 1994) recommends conducting 
27 surveys of suitable habitat to document presence or absence of various species of bats and 
28 estimate numbers using identified roosts.  Initial efforts will include surveying roosts that 
29 have historically been known to contain colonies of relatively rare species.  Mist netting 
30 at desert springs will also be conducted in an effort to identify other species not found at 
31 roosts.  The NPS surveys will be coordinated with similar efforts at Joshua Tree National 
32 Monument, Death Valley  National Monument, and several projects currently being 
33 funded by the AGFD’s Natural Heritage Program. 

34 Recovery Goals 

35 There are no agency-mandated recovery goals for the California leaf-nosed bat. 
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1 I.1.3.2 Pale Townsend’s Big-Eared Bat 
2 (Corynorhinus townsendii pallescens) 

3 Legal Status 

4 All bats are protected from direct take by the wildlife regulations of each state. 

Other Status 

6 The pale Townsend’s big-eared bat is also: 

7  a Federal species of concern, 

8  a G4T4 (global rank) and an S3S4 (state rank) in the Arizona Heritage Data 
9 Management System, 

 threatened native wildlife in Arizona (1988), 

11  a G5T3T4 (global rank) and an S2S3 (state rank) in the CNDDB, 

12  a species of special concern in California (full species), 

13  a G4 (global rank) and an S3B (state rank, full species) in the Nevada Natural 
14 Heritage Program, 

 a BLM sensitive species (full species), 

16  a USFS sensitive species, and 

17  a highest priority species in the WBWG. 

18 Species Distribution 

19 The Townsend’s big-eared bat occurs throughout the western United States, from 
southern British Columbia south to southern Mexico.  Isolated, relictual populations of 

21 this species are found in the southern Great Plains and Ozark and Appalachian Mountains 
22 (Arizona Game and Fish Department 1998b).  The subspecies pallescens occurs in 
23 Washington, Oregon, California, Nevada, Idaho, Arizona, Colorado, New Mexico, Texas, 
24 and Wyoming, whereas subspecies townsendii occurs in Washington, Oregon, California, 

Nevada, Idaho, and possibly, southwestern Montana and northwestern Utah (Handley 
26 1959). 

27 Populations of the pale Townsend’s big-eared bat occur throughout the LCR MSCP 
28 planning area (Hall 1946).  In Arizona, this taxon is widespread but relatively 
29 uncommon, particularly in the northeastern grasslands and southwestern desert areas 

(Arizona Game and Fish Department 1998b).  Localities are reported along the Colorado 
31 River from near Parker, the Grand Canyon, and the Marble Canyon (Hoffmeister 1986).  
32 The distribution of this taxon appears to be primarily constrained by the availability of 
33 suitable roosting sites and degree of human disturbance (Pierson and Rainey 1994). 
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Status of LCR MSCP Covered Species 

1 The pale Townsend’s big-eared bat is a year-round resident in the LCR MSCP planning 
2 area. 

3 Habitat Requirements and Special Considerations 

4 Pale Townsend’s big-eared bats can be found in a variety of vegetation communities but 
are most commonly associated with Mojave mixed scrub (e.g., sagebrush, sagebrush-

6 grassland, blackbrush, creosote-bursage) and lowland riparian communities.  Within 
7 these communities, it may be specifically associated with hop-sage, blackbrush, and 
8 mesquite, among others (Regional Environmental Consultants 1998). 

9 Feeding 

Foraging takes place over desert scrub, riparian vegetation, or open water in the vicinity 
11 of the roost sites.  Small moths are the primary food of this species, but other insects are 
12 also sometimes eaten (Arizona Game and Fish Department 1998b).  This species can 
13 capture its prey in flight using echolocation and may glean from foliage (Zeiner et al. 
14 1990; Bell pers. comm. in Kunz and Martin 1982).  This species has poor urine-

concentrating abilities compared to other bats of the region and therefore requires access 
16 to a nearby water supply (Zeiner et al. 1990). 

17 Roost Sites 

18 Females arrive at maternity roost sites in early spring and give birth to a single offspring 
19 in late spring or early summer after an approximate 3-month pregnancy (Pearson et al. 

1952).  Female pale Townsend’s big-eared bats exhibit remarkable site fidelity in the 
21 absence of roost disturbance.  Many and perhaps all of the females that survive their first 
22 winter return to their natal roost in the spring.  As a result, maternity colonies appear to 
23 be multigenerational, matrilineal groups (Pearson et al. 1952).  Individuals do not stray 
24 far from their natal roost and confine summer movements to within a few kilometers of 

their primary roost (Pearson et al. 1952).  This species requires a relatively spacious roost 
26 and roost opening (Pierson et al. 1991). 

27 Separate day and night roosts are used.  Day roosts are in caves, mines, or tunnels.  
28 Hibernation roosts are cold but stay above freezing (Zeiner et al. 1990) and must be quiet 
29 and undisturbed.  Pale Townsend’s big-eared bats usually hibernate singly or in small 

groups and are almost always found in ceiling pockets (Pierson et al. 1991).  In 
31 climatically moderate areas, this species appears to arouse from torpor frequently on 
32 warm nights to feed and changes roost locations often.  In these areas, roosts are often 
33 L-shaped, with both a vertical and a horizontal entrance that creates a cold sink and 
34 generates a strong airflow (Pierson et al. 1991). 

Maternity roosts are generally located in mines and caves, with the favored roost for 
36 clusters of mothers and young often in a ceiling pocket or along the walls just inside the 
37 roost entrance, well within the twilight zone (Pierson et al. 1991). The determining factor 
38 for maternity roost site selection may be temperature related.  In California, maternity 
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1 roosts are generally warm, and the species appears to select the warmest available sites, 
2 some of which reach 86°F (Pierson et al. 1991).  Night roosts may  be in buildings or 
3 other structures.  Separate hibernation and maternity roosts are often used. 

4 Reproduction 

5 Maternity colonies disperse in the fall, and, during the winter, individuals form  mixed-
6 sex hibernating groups.  Mating occurs in the fall and winter; however, females store 
7 sperm, and ovulation does not occur until early spring (Pearson et al. 1952).  One  young 
8 is born per year in May–July, depending on latitude and local climate. 

9 Regionally Significant Populations in the LCR MSCP   
10 Planning Area 

11 All maternity roosts and hibernacula found in and near the LCR MSCP planning area are 
12 considered regionally significant. 

13 Population Status and Reasons for Decline 

14 The results of a survey  performed by Pierson and Rainey (1994) suggest that drastic 
15 population declines for the pale Townsend’s big-eared bat have occurred in California 
16 throughout the last 40–60 years.  Among these declines are a 52% loss in the number of 
17 maternity colonies, a 44% decline in the number of roosts, a 55% decline in the number 
18 of animals, and a 32% decrease in the average size of remaining colonies in the state 
19 (Pierson and Rainey 1994).  The lower Colorado desert along the Colorado River, an area 
20 that experiences heavy recreational use, is one of three areas in California in which 
21 marked declines in the numbers of pale Townsend’s big-eared bat colonies have taken 
22 place (Pierson and Rainey  1994).  The overall population trend appears to be declining in  
23 Arizona as well.  Currently, there are only 13 verified maternity roosts in the state, 
24 representing 10 separate colonies, with a total population of about 1,000 adult females 
25 (Pierson and Rainey 1994).  More than half of the known maternity roosts are in mines, 
26 and only four of these roosts contain 200 or more individuals.  There may be losses or 
27 reductions of maternity colonies, which are easily disturbed; these disturbances often 
28 result in abandonment (Arizona Game and Fish Department 1996c).  In the absence of 
29 human disturbance, maternity colonies tend to remain stable over time (Pierson and 
30 Rainey 1994). 

31 Based on available information on the distribution, population status, ecology, and known 
32 threats, the WBWG (1998) has ranked the Townsend’s big eared bat as a red, or high,  
33 priority species.  This classification indicates that the species is imperiled or is at high 
34 risk of imperilment and should be considered the highest priority for funding, planning, 
35 and conservation actions. 
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1 Current Threats to Species Survival 

2 This species is threatened by human disturbance at major maternity roosts, renewed 
3 mining, closure and sealing of abandoned mines (naturally  or for hazard abatement), and, 
4 possibly, the use of nontarget pesticides (Arizona Game and Fish Department 1996c).  
5 Pale Townsend’s big-eared bats are extremely sensitive to human disturbance and simple 
6 entry  into a maternity roost can result in the abandonment of the site (Pierson et al. 1991).  
7 Long-term vegetation changes along the LCR may have resulted in a decrease in noctuid 
8 moths.  Noctuid moths are obligate species of lentic vascular hydrophytes (e.g., Typha, 
9 Salix, Pontederia, Polygonum).  Areas that have experienced a decrease in these types of 

10 plant species have probably also experienced a decrease in prey  base for the pale 
11 Townsend’s big-eared bat (Idaho State Conservation Effort 1995).  

12 Management Needs 

13 Management needs for this species, as recommended by the AGFD, include: 

14  development of consistent, effective monitoring methods; 

15  surveys to identify important summer and winter roost sites and foraging areas; 

16  surveys to locate, census, and monitor maternity colonies; 

17  protection of maternity and hibernaculum roosts using bat-friendly gates and 
18 weathering zone stabilization; 

19  buffer zones to protect maternity roosts from human access during roost occupancy;  
20 and 

21  mitigation against or prevention of renewed mining activity near significant roosts 
22 and foraging areas (Arizona Game and Fish Department 1996c, 1998b). 

23 Roosts should not be entered during site evaluations due to the highly sensitive nature of 
24 this species (Williams 1986). 

25 The following management recommendations were developed by the Idaho State 
26 Conservation Effort (1995) for the conservation of the pale Townsend’s big-eared bat 
27 across its range in North America: 

28  evaluate all abandoned mines on public land, and publicly funded closures on private 
29 lands for bat habitat prior to closure; 

30  install bat gates for the protection of roost locations that support significant 
31 hibernacula and maternity colonies, where feasible; 

32  prohibit visitor access to hibernacula and maternity colonies during critical times of 
33 the year; 

34  designate caves or mines that are critical to the conservation of the pale Townsend’s 
35 big-eared bat as Areas of Critical Environmental Concern and/or Research Natural 
36 Areas on BLM- and USFS-managed lands; 
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1  develop a list of all pale Townsend’s big-eared bat roosts within potential pesticide 
2 spray blocks and survey potential spray blocks for additional roosts; 

3  establish 2-mile radius buffer zones around all known pale Townsend’s big-eared bat 
4 roost sites in which no pesticide application will occur;  

5  maintain or improve riparian and wetland areas within a 16-km (10-mile) radius of 
6 roost sites to achieve healthy and diverse structure; and 

7  strictly follow American Society  of Mammalogists guidelines for roost entry  
8 procedures and limitations (American Society of Mammalogists 1992). 

9 Research recommendations include examining the range of roost sites used by the 
10 species; evaluating forage habitat usage and developing baseline data on prey species; 
11 developing predictive roost site evaluation criteria; and determining direct and indirect 
12 effects of pesticide spraying (Idaho State Conservation Effort 1995). 

13 Existing Management Actions 

14 The pale Townsend’s big-eared bat is a high-priority evaluation species under the Clark 
15 County MSHCP.  Existing and proposed conservation actions include general and 
16 ecosystem-level measures for sagebrush, blackbrush, Mojave desert scrub, 
17 mesquite/catclaw, lowland riparian areas, and bats.  In addition, the Resource 
18 Management Plan for the Lake Mead NRA (National Park Service 1994) recommends 
19 conducting surveys of suitable habitat to document the presence or absence of various 
20 species of bats and estimate numbers using identified roosts.  Initial efforts will include 
21 surveying roosts that have historically  been known to contain colonies of relatively rare 
22 species.  Mist netting at desert springs will also be conducted in an effort to identify  other 
23 species not found at roosts.  The NPS surveys will be coordinated with similar efforts at 
24 Joshua Tree National Monument, Death Valley National Monument, and several projects 
25 currently  being funded by  the AGFD’s Natural Heritage Program. 

26 In addition, a wide variety  of habitat-based management actions are ongoing throughout 
27 the LCR Basin.  Many  of these actions are small-scale projects that focus on the 
28 restoration/enhancement of native riparian vegetation.  Cumulatively, these ongoing 
29 actions have the potential to aid significantly in efforts to conserve the pale Townsend’s 
30 big-eared bat. 

31 Recovery Goals 

32 There are no agency-mandated recovery goals for the pale Townsend’s big-eared bat. 

33 I.1.3.3  Colorado River Toad (Bufo alvarius) 

34 Legal Status 

35 The Colorado River toad has no legal status. 
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1 Other Status 

2 The Colorado River toad is listed as: 

3  a G5 (global rank) and an S5 (state rank) in the Arizona Heritage Data Management 
4 System, 

5  a G5 (global rank) and an S1 (state rank) in the CNDDB, and 

6  a species of special concern in California. 

7 Species Distribution 

8 The Colorado River toad ranges from southeast California across lowland Arizona to 
9 southwestern New Mexico and south through most of Sonora to northern Sinaloa,  

10 Mexico (Fouquette 1970).  In the LCR MSCP planning area, Colorado River toads have 
11 been documented from Fort Yuma to the Blythe-Ehrenberg region (Vitt and Ohmart 
12 1978).  Historically, the species likely extended northward along the bottomlands of the 
13 Colorado River to extreme southern Nevada near Fort Mohave (Jennings et al. 1994).  
14 The most recent observation of the Colorado River toad in the LCR MSCP planning area 
15 was in 1984 on the Arizona side of the Cibola NWR (Rorabaugh pers. comm.).  Mr. 
16 Rorabaugh (pers. comm.) observed a probable Colorado River toad in the late 1980’s on 
17 the Parker-Ehrenberg Road between Poston and Ehrenberg on the Colorado River Indian 
18 Reservation (CRIR).  A partial survey  of the species by the California Department of Fish 
19 and Game (CDFG) in 1991 on the California side of the river at Winterhaven, Palo 
20 Verde, Bard, Ferguson Lake, Goose Flats, and Cibola NWR failed to locate the species 
21 (King and Robbins 1991).   Mr. Rorabaugh (pers. comm.) did not find the Colorado River 
22 toad during an August 1999 survey conducted at Cibola NWR, Mitchells Camp, Walters 
23 Camp, the Anderson and Ohmart Dredge Spoil Revegetation Site, and around Parker 
24 Dam up to Black Meadow Landing.  Neither did Mr. Rorabaugh (pers. comm.) find 
25 Colorado River toads during extensive survey  efforts downstream  of the Imperial Dam in 
26 the 1980s and early 1990s.  The toad does occur in the Gila River approximately  15 miles 
27 upstream of the confluence with the Colorado River (Rorabaugh pers. comm.). 

28 Habitat Requirements and Special Considerations 

29 The Colorado River toad is a semiaquatic anuran principally associated with Sonoran 
30 desert vegetation (New Mexico Department of Game  and Fish 1997).  It is found from  
31 sea level to approximately  5,250 feet in a variety of desert and semidesert vegetation 
32 communities, including brushy desert with creosote bush and mesquite washes, as well as 
33 semiarid grasslands and woodlands (Zeiner et al. 1988).  Colorado  River toads require 
34 permanent or semipermanent water sources for breeding and are usually found near 
35 streams or other sources of water during periods of wet weather (Zeiner et al. 1988).  
36 Although data on the specific habitat requirements of the species are scant, it is generally  
37 associated with large, somewhat permanent streams, springs, temporary pools, watering 
38 holes, and irrigation ditches.  The breeding season for this species is thought to coincide 
39 with the onset of warm spring and summer rains, when adults emerge and begin to 
40 congregate at temporary pools and other water bodies to breed (Zeiner et al. 1988; New 
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1 Mexico Department of Game and Fish 1997; Jennings et al. 1994).  Tadpoles 
2 metamorphose at a very small size, and the larval stage of the species is not believed to 
3 exceed 1 month.  Adults of the species are thought to be long-lived (Jennings et al. 1994).  
4 The diet of the Colorado River toad is varied, and includes insects, snails, spiders, mice, 
5 lizards, and even other anurans (Zeiner et al. 1988; New Mexico Department of Game 
6 and Fish 1997; Jennings et al. 1994).  Although some species (e.g., raccoons) are known 
7 to prey on the Colorado River toad, skin toxins and a paratoid poison protect it from other 
8 predators (Jennings et al. 1994).  During its inactive period between August and 
9 February, the Colorado River toad seeks refuge in the burrows of other animals (Zeiner 

10 et al. 1988). 

11 Regionally Significant Populations in the LCR MSCP 
12 Planning Area 

13 No regionally significant populations are currently known in the LCR MSCP planning 
14 area.  Species may have been extirpated from the LCR MSCP planning area. 

15 Population Status and Reasons for Decline 

16 The overall status of the Colorado River toad appears to be unknown.  The New Mexico 
17 Department of Game and Fish (1997) describes the status of this species as probably 
18 fairly secure, while other investigators have suggested the species is imperiled throughout 
19 much of its range (Jennings et al. 1994).  In California, the species is probably extirpated 
20 over most of its range as a result of habitat destruction and the extensive use of pesticides 
21 (Jennings et al. 1994).  Although severe habitat alteration along the LCR has undoubtedly 
22 had a negative impact on the species, the specific factors responsible for declines in this 
23 region remain unknown because of a lack of information regarding the species’ 
24 microhabitat requirements.  Isolation of small, vulnerable populations caused by 
25 channelization and damming of the Colorado River, and the introduction of the spiny 
26 softshell turtle and bullfrog in the early 1900s may also be partly responsible for the 
27 species’ decline in the LCR MSCP planning area (King and Robbins 1991). 

28 Current Threats to Species Survival 

29 In the LCR MSCP planning area, habitat loss and the extensive use of pesticides threaten 
30 the Colorado River toad.  This species may also be threatened by competition and 
31 predation from nonnative species and collection for use in the drug trade (Jennings et al. 
32 1994; King and Robbins 1991). 

33 Management Needs 

34 The primary management need for the Colorado River toad is the implementation of a 
35 research program designed to identify the specific habitat requirements and range of 
36 conditions under which this species will thrive (Jennings et al. 1994).  Research should 
37 also evaluate other possible mechanisms of the species’ decline, including the role of 
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1 nonnative predators and competitors, and the possible effects of past and present river 
2 management activities. 

3 Existing Management Actions 

4 There are no existing management actions for the Colorado River toad. 

5 Recovery Goals 

6 There are no agency-mandated recovery goals for the Colorado River toad. 

7 I.1.3.4 Lowland Leopard Frog (Rana yavapaiensis) 

8 Legal Status 

9 The lowland leopard frog has no legal status. 

10 Other Status 

11 The lowland leopard frog is also: 

12  a Federal species of concern, 

13  a G4 (global rank) and an S4 (state rank) in the Arizona Heritage Data Management 
14 System, 

15  a wildlife species of concern in Arizona, 

16  a G4 (global rank) and SX (state rank) in the CNDDB, and 

17  a species of special concern in California. 

18 Species Distribution 

19 The lowland leopard frog historically occurred from the Virgin River near Littlefield, 
20 Arizona, to northern Sonora, Mexico, and in southeastern California and western New 
21 Mexico (Platz and Frost 1984; New Mexico Department of Game  and Fish 1997).  It now 
22 occurs mostly in central Arizona, below 5,500 feet, south and west of the Mogollon Rim  
23 (New Mexico Department of Game and Fish 1997).  The species is believed to be 
24 extirpated from the lower Gila and Colorado Rivers of Arizona and California and has 
25 not been documented from  New Mexico in recent years (Sredl 1997).  In Arizona, 80% 
26 of the known lowland leopard frog localities are in the Gila River drainage, with 17%  
27 known from the Bill Williams River drainage (Sredl 1997).  In the LCR MSCP planning 
28 area, the lowland leopard frog has been recently reported from about 7 miles upstream  
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1 from the confluence of the Colorado River and the Bill Williams River, in the Bill 
2 Williams River NWR (Arizona Game and Fish Department 1998c). 

3 Habitat Requirements and Special Considerations 

4 The lowland leopard frog is generally restricted to permanent waters associated with 
5 small streams and rivers, springs, marshes, and shallow ponds.  It is normally found at 
6 elevations below 4,900 feet and is often concentrated near deep pools in association with 
7 the root masses of large riparian trees (New Mexico Department of Game and Fish 1997).  
8 In Arizona, lowland leopard frogs show a strong preference for flowing-water 
9 environments, with 82% of known localities being natural flowing systems and 18% non-

10 flowing environments, primarily stock tanks (Sredl 1997).  Emergent or submergent 
11 vegetation, such as bulrushes or cattails, is probably necessary for cover and as substrate 
12 for oviposition (Jennings et al. 1994).  Both suitable aquatic environments and adjacent 
13 moist upland or wetland soils with a dense cover of grasses or forbs and a canopy of 
14 cottonwoods or willows are necessary for leopard frog habitat.  The primary food source 
15 for adults is small invertebrates, while larvae eat algae, plant tissue, organic debris, and 
16 probably small invertebrates (Arizona Game and Fish Department 1997f).  Leopard frogs 
17 may be especially vulnerable to catastrophic events such as floods and drought. Tadpoles 
18 are susceptible to predation by introduced predators, such as catfish and bullfrogs.  
19 Removal of vegetation may result in increased predation by both aquatic and terrestrial 
20 predators (New Mexico Department of Game and Fish 1997).  Studies of microhabitat 
21 use by differing age classes of lowland leopard frogs suggest that management practices 
22 that create or maintain a variety of aquatic environments may be important to this 
23 species.  Large pools seem to be essential for adult survival and reproductive efforts, 
24 while smaller pools and marshy areas probably enhance juvenile survival (New Mexico 
25 Department of Game and Fish 1997).  Because local populations of leopard frogs are 
26 prone to extinction, it is also important to facilitate recolonization through the 
27 maintenance of adequate dispersal corridors (Sredl 1997). 

28 Regionally Significant Populations in the LCR MSCP 
29 Planning Area 

30 The status of the lowland leopard frog is no longer known to inhabit the LCR MSCP 
31 planning area.  This species, however, has been recorded from several locations in the 
32 Bill Williams River NWR immediately adjacent to the LCR MSCP planning area, 
33 upstream from the confluence of the Colorado River and the Bill Williams River 
34 (Arizona Game and Fish Department 1998c; Blair pers. comm.).  Incidental observations 
35 of the lowland leopard frog have been recorded since 1987 and range from none to 20 
36 along 5–6 miles of the Bill Williams River where the water source is either ephemeral or 
37 semipermanent (Blair pers. comm.). 

38 Population Status and Reasons for Decline 

39 This species is considered stable in central Arizona, declining in southeast Arizona, and 
40 extirpated from southeast California and New Mexico (Arizona Game and Fish 
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1 Department 1997f).  Potential reasons for regional declines include major water 
2 manipulations, water pollution (including human use of aquatic areas), chemical 
3 contaminants, introduced species (e.g., fish, bullfrogs, crayfish), heavy grazing, and 
4 habitat fragmentation (Arizona Game and Fish Department 1996c, 1997f; Blair pers. 
5 comm.). 

6 Current Threats to Species Survival 

7 This species is currently threatened by: 

8  major water manipulations, 

9  water pollution (including human use of aquatic areas), 

10  introduced species (e.g., fish, bullfrogs, crayfish), 

11  heavy grazing, and 

12  habitat fragmentation (Arizona Game and Fish Department 1996c, 1997f). 

13 In addition, it may face future threats from competition with the Rio Grande leopard frog, 
14 an introduced species that is expanding into the range of the lowland leopard frog 
15 (Arizona Game and Fish Department 1996c). 

16 Management Needs 

17 The primary management need for this species appears to be habitat protection.  In fact, 
18 the AGFD has suggested the designation of “habitat reservations” for the lowland leopard 
19 frog.  Other management needs include monitoring the status of extant populations, 
20 monitoring the nonnative range expansion of Rio Grande leopard frogs, and determining 
21 their impact on the lowland leopard frog (Arizona Game and Fish Department 1996c).  
22 Studies on population and metapopulation dynamics, dispersal abilities, and the 
23 effectiveness of translocation have also been suggested for the lowland leopard frog 
24 (Arizona Game and Fish Department 1997f).  Studies should also identify the specific 
25 impacts of other potential threats listed above.  In addition, clarification of southwestern 
26 leopard frog taxonomy is needed to determine whether the lowland leopard frog is 
27 actually distinct from the relict leopard frog (Sredl 1997). 

28 Existing Management Actions 

29 The AGFD has initiated a year-round “closed season” for this species as a protective 
30 measure that prohibits take of the species (including collecting) unless appropriate 
31 permits have been obtained (Arizona Game and Fish Department 1997f).  In addition, 
32 AGFD has begun to develop and test management strategies to restore functioning 
33 metapopulations of Arizona’s leopard frogs to areas of critical conservation need within 
34 the state.  Potential conservation techniques being evaluated include: 

35  ex situ captive breeding and rearing of tadpoles for release (as adults) to the wild; 
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1  translocating wild eggs, tadpoles, and frogs; 

2  removing nonnative species; and 

3  improving or creating habitat (Sredl 1997). 

4 In addition, the NPS is currently funding leopard frog studies, which are being conducted 
5 at the UNLV.  These studies are evaluating the status of extant populations, determining 
6 causes for population declines, and conducting morphological, systematic, and genetic 
7 analyses. 

8 Recovery Goals 

9 There are no agency-mandated recovery goals for the lowland leopard frog. 

10 I.1.4 Species Evaluated in the LCR MSCP BA but 
11 Not Covered under the LCR MSCP 
12 The bald eagle is not covered under the LCR MSCP.  The LCR MSCP BA, however, 
13 evaluates the effects of the Federal actions described in Chapter 2 on the bald eagle. 

14 I.1.4.1  Bald Eagle (Haliaeetus leucocephalus) 

15 Legal Status 

16 The bald eagle is listed as threatened under the ESA and endangered under CESA.  It is 
17 also Nevada State Protected and Endangered.  However, the bald eagle has been 
18 proposed for delisting (U.S. Fish and Wildlife Service 1999).   

19 Other Status 

20 The bald eagle is listed as:  

21  a G4 (global rank) and an S2S3?B (state rank) in the Arizona Heritage Data 
22 Management System, 

23  a wildlife species of special concern in Arizona, 

24  a G4 (global rank) and an S2 (state rank) in the CNDDB, and 

25  a G4 (global rank) and an S1 (state rank) in the Nevada Natural Heritage Program. 
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1 Species Distribution 

2 Bald eagles occur in North America from  central Alaska and Canada south to northern 
3 Mexico (U.S. Fish and Wildlife Service 1995b).  They are found primarily along coasts, 
4 inland lakes, and large rivers but may  also be found along mountain ranges during 
5 migration.  Although the bald eagle is greatly reduced in abundance from historical 
6 levels, its current distribution is essentially the same (U.S. Fish and Wildlife Service 
7 1976).  Many bald eagles withdraw in winter from northern areas, migrating north again 
8 in spring and summer to breed (Terres 1980).  Bald eagles are an uncommon, though  
9 increasing, regular winter visitor along the LCR (Rosenberg et al. 1991; Bureau of 

10 Reclamation 1996a).  Although historical records of bald eagles breeding in the LCR 
11 MSCP planning area are rare, the discovery of a nest near Parker Dam in 1996 and 
12 subsequent sightings of bald eagles at Gene Wash and Copper Basin Reservoir may  
13 indicate that eagles are attempting to breed again along the LCR (Bureau of Reclamation 
14 1996a).  Of the 27 occupied bald eagle breeding territories reported for Arizona in 1993, 
15 two are located on the Bill Williams River near Alamo Dam, just east of the Colorado 
16 mainstem (U.S. Fish and Wildlife Service 1994b).  Dispersing young or wide-ranging 
17 foraging adults from these pairs or dispersing birds from the larger Arizona populations 
18 along the Salt and Verde Rivers may use the LCR (Rosenberg et al. 1991). 

19 Habitat Requirements and Special Considerations 

20 Bald eagles are associated with aquatic ecosystems, including large rivers, major lakes, 
21 reservoirs, estuaries, and seacoasts.  Bald eagles require open water habitats that support  
22 an adequate food base and provide appropriate roosting and nesting sites (U.S. Fish and 
23 Wildlife Service 1994b).  In Arizona, habitats associated with breeding bald eagles are 
24 variable in character and include regulated rivers, reservoirs, and free-flowing rivers and 
25 creeks.  This diversity in habitat is reflected in the wide variation of foraging 
26 opportunities, prey selection, and choice of nesting substrate that has been observed 
27 throughout the state (Hunt et al. 1992).   Bald eagle nesting sites in Arizona include cliffs, 
28 pinnacles, trees, and snags.  Hunt et al. (1992) found eagles nested mostly on cliffs and in 
29 trees to a lesser extent.  A diversity of alternative nests was often located in a single 
30 breeding area.  Isolation from large ground predators and excessive human disturbance is 
31 a common feature of most nest sites.  Bald eagles acquire food in a diversity of ways.  
32 They catch live prey, steal prey from other predators, and find carrion.  Fish, small 
33 mammals, and waterfowl make up most of eagles’ diet (Terres 1980).  An analysis of 
34 prey remains at bald eagle nest sites in Arizona showed that catfish, suckers, carp, and 
35 perch species contributed to approximately  70% of the total prey biomass (Hunt et al. 
36 1992).  In considering carrying capacity and management strategies, research suggests 
37 that reservoir inflow areas and hydrologic features that maintain shallow water habitat 
38 even at high flows (e.g., super-riffles) may also function as important components of 
39 breeding locations (Hunt et al. 1992).  In the LCR MSCP planning  area, wintering bald 
40 eagles are most often found at the backwater lakes and marshes associated with the 
41 NWRs along the LCR (Rosenberg et al. 1991). 
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1 Regionally Significant Populations in the LCR MSCP  
2 Planning Area 

3 Although bald eagles are not currently known to breed along the LCR, there is usually an 
4 influx of up to 15 individuals into the LCR MSCP planning area in winter (Rosenberg et 
5 al. 1991). 

6 Population Status and Reasons for Decline 

7 Historically, bald eagles are believed to have nested throughout North America on both 
8 coasts and along major rivers and large lakes (Gerrard and Bortolotti 1988).  By the mid-
9 1800s, bald eagle populations had declined radically  throughout most of the United States 

10 as a result of widespread shooting, reductions in the species’ prey  base, and secondary  
11 poisoning as a result of predator-control programs.  The introduction of DDT for 
12 agricultural purposes in the 1940s furthered the decline of this species, resulting in 
13 widespread reproductive failure caused by eggshell thinning.  Efforts to save the bald 
14 eagle, including passage of the Bald Eagle Protection Act in 1940, listing of the bald 
15 eagle as a Federally endangered species in 1967, and the banning of DDT in the United 
16 States and Canada in the early 1970s, have resulted in a slow recovery of the species.  
17 Between 1982 and 1990, the number of occupied bald eagle territories in the lower 48 
18 United States doubled from 1,482 to 3,014.  Reintroduction programs have also 
19 contributed to the species’ recovery (Hunt et al. 1992).  In the LCR MSCP planning area, 
20 the number of wintering subadult and adult bald eagles has remained relatively stable in 
21 recent years.  From 1992 to 1996, between six and 15 individuals were recorded 
22 wintering in the LCR Valley, primarily in the Temple Bar area of Lake Mead (Bureau of 
23 Reclamation 1996a). 

24 Current Threats to Species Survival 

25 The main threats to bald eagles in the LCR MSCP planning area are habitat loss and 
26 degradation, including declines in prey and roost-site availability.  Human disturbance, 
27 environmental contamination, electrocution, poisoning, trapping, and illegal taking also 
28 threaten this species (New Mexico Department of Game and Fish 1997). 

29 Management Needs 

30 Maintenance and enhancement of riparian and lacustrine environments where food, 
31 shelter, and potential nest sites are in the greatest supply are the primary management 
32 needs of this species.  Based on their accumulated knowledge of the Arizona population 
33 of bald eagles, Hunt et al. (1992) identify management of prey populations, habitat, and 
34 human factors and development of future  programs benefiting bald eagles as important 
35 components of the species’ conservation in the region.  
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1 Specific recommendations include: 

2  studying the factors that influence carp, sucker, and catfish populations in riverine 
3 habitats used by eagles; 

4  monitoring concentrations of environmental pollutants; 

 rigorously protecting trees and stands that currently or potentially support bald eagles 
6 from loss, encroachment, and stand reduction; 

7  aiding in the establishment of new pairs by husbanding new trees and fencing areas 
8 and planting trees near good foraging areas (i.e., super riffles); 

9  minimizing human disturbances of bald eagles; 

 banning the use of poison or traps around animal carcasses; 

11  modifying stock watering tanks that trap bald eagles; 

12  periodically monitoring pesticide levels in waterfowl and other indicator species; 

13  developing information programs that contain positive images of bald eagles; 

14  configuring power lines to avoid the possibility of electrocution; 

 acquiring additional data on the causes of bald eagle mortality; 

16  continuing the Nest Watch Program; 

17  continuing banding studies for at least the next decade; 

18  developing educational signs and viewing stations; 

19  developing a captive population of Arizona eagles that could contribute to 
productivity at failed sites in the wild; and, if needed at some point in the future, 

21  considering a release program that would preserve the genes that remain of the 
22 Arizona population. 

23 Existing Management Actions 

24 The NPS conducts annual surveys of wintering bald eagles at Lake Mead NRA (National 
Park Service 1994).  In addition, the GCMRC’s strategic plan for fiscal years 2000–2004 

26 includes a management objective (Management Objective 13) to “protect, restore, and 
27 enhance survival of native and special status avifauna” (Grand Canyon Monitoring and 
28 Research Center 1998).  Under this management objective, the following general and 
29 specific information needs have been identified for the bald eagle in the Colorado River 

ecosystem between Glen Canyon Dam and Lake Mead: 

31  define and evaluate food chain associations, interdependencies, and requirements for 
32 native and special status avifauna; 

33  determine impacts of dam operations under approved operating criteria on avifauna 
34 food chain associations; and 

 determine bald eagle habitat use and foraging patterns and their relationship to dam 
36 operations under approved operating criteria; perform additional bald eagle 
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1 monitoring where deemed feasible (Grand Canyon Monitoring and Research Center 
2 1998). 

3 Information needs listed under the last bullet above have been given a high priority by  the 
4 GCMRC (1998). 

5 A wide variety of habitat-based management actions are also ongoing throughout the 
6 LCR Basin.  Many  of these actions are small-scale projects that focus on the 
7 restoration/enhancement of native riparian, riverine, and marsh habitats.  In addition, the 
8 U.S. Army Corps of Engineers is reoperating the Alamo Dam to provide consistent 
9 instream flow on the Bill Williams River.  Cumulatively, these actions have the potential 

10 to aid significantly in efforts to conserve the bald eagle. 

11 Recovery Goals 

12 The primary  goals of the bald eagle recovery  plan (southwestern population) are to 1) 
13 reclassify threatened status when the reproductive effort has been effectively doubled to 
14 10–12 young per year over a 5-year period  and the population range has expanded to 
15 include one or more river drainages in addition to the Salt and Verde River systems and 
16 2) identify and maintain winter habitat important to migrant or resident bald eagles (U.S. 
17 Fish and Wildlife Service 1982).  To achieve these goals, three secondary management 
18 objectives were identified in the recovery plan.  These objectives are collecting, 
19 recording, analyzing, and maintaining biological data on breeding and wintering bald 
20 eagles in the Southwest; identifying all critical components of bald eagle nesting habitat; 
21 and conducting informational programs designed to gain support for the protection of 
22 bald eagles. 
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1 Appendix J 
2 Technical Documentation of  
3 Ongoing and Future Operations 

4 J.1 Introduction 
5 This appendix to the Lower Colorado River Multi-Species Conservation Program  (LCR 
6 MSCP) is intended to supplement the information provided therein, including the Federal 
7 actions specified in Chapter 2 of the LCR MSCP Biological Assessment (BA).  
8 Specifically, this appendix presents an overview of current lower Colorado River (LCR) 
9 operations, a summary of historical operating conditions, and an evaluation of the 

10 hydrologic impacts of future flow-related actions described in Chapters 2 of the LCR 
11 MSCP BA and Habitat Conservation Plan (HCP). 

12 The content and organization of this appendix is as follows: 

13  J.1, “Introduction,” 

14  J.2, “Relationship of this Appendix to the LCR MSCP BA and HCP,” 

15  J.3, “Geographic Scope,” 

16  J.4, “Overview of Operations on the LCR,” 

17  J.5, “Historical LCR Operating Conditions,” 

18  J.6, “Evaluation of the Hydrologic Impacts of Future Flow-Related Actions,” 

19  Attachment A, “Detailed Modeling Documentation,” 

20  Attachment B, “Sensitivity  Analysis:  Evaluation of the Incremental Effects of Flow-
21 related Actions Being Considered Under the LCR MSCP (Specific Surplus and 
22 Shortage Strategies and Changes in the Points of Delivery of State Entitlement 
23 Waters),” 

24  Attachment C, “Initial Reservoir Conditions,” 

25  Attachment D, “Analysis of Hydrology Impacts to River Corridor (Reaches 3–5),” 
26 and 

27  Attachment E, “Evaluation of Effects Associated with Updated Hydrologic 
28 Information.” 
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1 J.2 Relationship of this Appendix to the  
2 LCR MSCP BA and HCP 
3 The LCR MSCP BA and Habitat Conservation Plan (HCP) evaluated and identified the 
4 likely effects on threatened and endangered species and their habitat from Lake Mead to 
5 the Southerly International Boundary with Mexico (SIB) resulting from the 
6 implementation of the covered actions and activities described in Chapters 2 of the LCR 
7 MSCP BA and HCP.  The discussion of historical operating conditions and current LCR 
8 operations in this appendix provide additional explanation of the ongoing Federal flow-
9 related actions described in Chapter 2 of the LCR MSCP BA.  The information in this 

10 appendix provides the hydrologic portion of the impact analyses presented in Chapter 5 
11 of the LCR MSCP BA and in Chapter 4 of the LCR MSCP HCP. 

12 J.3 Geographic Scope 
13 The LCR MSCP planning area comprises areas up to and including the full-pool 
14 elevations of Lakes Mead, Mohave, and Havasu, and the historic floodplain of the 
15 Colorado River from Lake Mead to the SIB.  This area was divided into reaches as shown 
16 in Figure J-1.  This appendix evaluates the hydrologic impacts of future flow-related 
17 actions in Reaches 1 (Lake Mead) and Reaches 3–5 (Davis Dam to Imperial Dam).  
18 Hydrologic impacts of future flow-related actions in Reach 7 are presented in 
19 Appendix L.  The hydrologic impacts of the future flow-related actions in Reach 2 
20 (Hoover Dam to Davis Dam) were determined to be insignificant since that reach is 
21 dominated by backwater from Lake Mohave.  Similarly, the hydrologic impacts of the 
22 future flow-related actions in Reach 6 (Imperial Dam to Morelos Diversion Dam) were 
23 determined to be insignificant since that reach is dominated by drainage return flows, not 
24 releases from upstream reservoirs that would be affected by the future flow-related 
25 actions; moreover, the anticipated future changes in points of diversion would occur 
26 upstream of Imperial Dam, as described in Chapter 2 of the LCR MSCP BA. 

27 J.4 Overview of Operations on the LCR 
28 This section provides an overview of operations on the LCR from Lake Mead to SIB.  
29 Specifically, the operations of Lakes Mead, Mohave, and Havasu, as well as operations in 
30 the Yuma Area are outlined under flood control and non-flood control operating 
31 conditions.  Both mid-range (governed by the Annual Operating Plan) and short-range 
32 operations (governed by water and power demands) are discussed. 

33 J.4.1 General 
34 The Colorado River serves as a source of water for irrigation, domestic and other uses in 
35 the States of Arizona, California, Colorado, Nevada, New Mexico, Utah and Wyoming 
36 and in Mexico.  The Colorado River also serves as a source of water for a variety of 
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1 recreational and environmental benefits.  The Colorado River Basin is located in the 
2 southwestern United States and occupies a total area of approximately 250,000 square 
3 miles.  The Colorado River is approximately  1,400 miles in length and originates along 
4 the Continental Divide in Rocky Mountain National Park in Colorado.  Elevations in the 
5 Colorado River Basin range from sea level to over 14,000 feet mean sea level (msl) in the 
6 mountainous headwaters. 

7 Climate varies significantly throughout the Colorado River Basin.  Most of the Colorado 
8 River Basin is comprised of desert or semi-arid rangelands, which generally receive less 
9 than 10 inches of precipitation per year.  In contrast, many  of the mountainous areas that 

10 rim the northern portion of the Colorado River Basin receive, on average, over 40 inches 
11 of precipitation per year.  Most of the total annual flow in the Colorado River Basin 
12 results from natural runoff from  mountain snowmelt.  Because of this, natural flow is 
13 very  high in the late spring and early summer, diminishing rapidly by mid-summer.  
14 While flows in late summer through autumn sometimes increase following rain events, 
15 natural flow in the late summer through winter is generally low.  Major tributaries to the 
16 Colorado River include the Green, San Juan, Yampa, Gunnison and Gila Rivers. 

17 The annual flow of the Colorado River varies considerably from year to year.  The 
18 natural flow at the Lees Ferry  gaging station (see Figure J-2), located 17 river miles 
19 below Glen Canyon Dam,  has varied annually, from a minimum of 5.4 million acre-feet 
20 (maf) to a maximum of 25.4 maf.  Natural flow represents an estimate of flows that 
21 would exist without upstream reservoir regulation, depletions, or transbasin diversions.  
22 Most of the water in the lower portion of the Colorado River flows into the Lower Basin 
23 from the Upper Basin and is accounted for at Lees Ferry, Arizona.  In years when the 
24 minimum objective release is being made from Glen Canyon Dam, about 86 percent of 
25 the annual natural supply  in the Lower Basin is attributed to the releases from the Upper 
26 Basin.  The remaining 14 percent of the water in the lower portion of the river is 
27 attributed to sidewash inflows due to rainstorms and tributary rivers in the Lower Basin.  
28 In this area, the Colorado River’s mean  annual tributary inflow is approximately 
29 1.35 maf, excluding the intermittent Gila River inflow.  Actual Lower Basin tributary  
30 inflows are highly  variable from year to year. 

31 Annually, approximately 9 maf are released from Lake Mead to meet the delivery orders 
32 of water entitlement holders in the U.S. and for 1944 Water Treaty deliveries to Mexico.  
33 Of this amount, some 7.5 maf are entitlements for the Lower Basin States (Nevada, 
34 Arizona, and California), while the remaining 1.5 maf is delivered to Mexico.  The 1944  
35 Water Treaty is the Utilization of Waters of the Colorado and Tijuana Rivers and of the 
36 Rio Grande—Treaty between the United States of America and Mexico, dated February 3,  
37 1944. 
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1 Figure J-2 
2 Historical Natural Flows at Lees Ferry Stream Gage 
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3  

4 As previously noted, the focus of this appendix is on the LCR and the operation of the 
5 major storage facilities (reservoirs) on the main stem of the LCR.  The major reservoirs 
6 are presented in Table J-1. 

7 Table J-1.  Major Storage Facilities on the Main Stem of the Lower Colorado River 

Reservoir  Dam 

Lake Mead   Hoover Dam 

Lake Mohave  Davis Dam 

8 
Lake Havasu  Parker Dam 
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9 The locations of  these listed storage facilities are illustrated on Figure J-1. Other smaller 
10 reservoirs within the Yuma Area of the LCR include:  Senator Wash Reservoir, Imperial 
11 Reservoir, and Laguna Reservoir. 

12 Individual dams serve one or more specific purposes as designated in their federal 
13 construction authorizations.  Such purposes include: water storage, flood control, river 
14 regulation, power generation, and water diversion to Arizona, California, Nevada and 
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1 delivery to Mexico.  Background information on each major storage facility is provided 
2 below. 

3 J.4.1.1  Hoover Dam and Lake Mead 

4 Hoover Dam  was constructed in the Black Canyon of the Colorado River about 36 miles 
5 from Las Vegas, Nevada.  Hoover Dam  was constructed to provide storage for river 
6 regulation and flood control, storage of water for irrigation and domestic uses, and 
7 generation of hydropower.  The dam is 726 feet msl high and the water depth is 
8 approximately 590 feet msl.  Lake Mead can store water to a maximum elevation of 
9 1,229 feet msl (maximum  water surface).  The tops of the Hoover Dam  spillway gates, in 

10 the raised position, are at an elevation of 1,221 feet msl.  At that water surface elevation, 
11 Lake Mead has a nominal “live capacity” of 27.377 maf and an active capacity of 17.353 
12 maf above elevation 1,083 feet msl, the generally accepted minimum  elevation for 
13 efficient power generation.  The dam backs water upstream  approximately 115 miles, 
14 creating a surface area of about 163,000 acres at its maximum design water surface 
15 elevation of 1,229 feet msl.  The designated exclusive flood control space of 1.5 maf is 
16 situated between elevation 1,219.6 feet msl and 1,229 feet msl. 

17 The Hoover Dam Power Plant is a major source of hydropower in the Southwest.  The 
18 dam’s four intake towers draw water from the reservoir to drive 17 generators located 
19 within the power plant.  The power plant generating capacity is rated at approximately  
20 2,074 megawatts (MW) at a maximum  release capacity of approximately 49,000 cubic 
21 feet per second (cfs).  The uncontrolled spillways have a maximum release capacity of 
22 about 400,000 cfs.  The power is marketed by the Western Area Power Administration 
23 (Western). 

24 The Boulder Canyon Project Act of 1928 specified the following priorities for the 
25 operation of Hoover Dam  and Lake Mead:  1) provide for river regulation, improvement 
26 of navigation, and flood control, 2) the delivery  of irrigation and domestic water supplies, 
27 including the satisfaction of present perfected water rights, and 3) maximize power 
28 generation.   

29 Flood control operating criteria for Lake Mead was established to manage potential flood 
30 events arising from rain and snowmelt.  As previously noted, Lake Mead’s uppermost 
31 1.5 maf of storage capacity, between elevations 1,219.6 feet msl and 1,229.0 feet msl, is 
32 defined as exclusive flood control. Within this capacity allocation, 1.218 maf of flood 
33 storage is above elevation 1,221 feet msl, the top of the raised spillway gates.  Figure J-3 
34 illustrates some of the important Hoover Dam and Lake Mead water surface elevations 
35 that are referenced in subsequent sections. 
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1 Figure J-3 
2 Lake Mead and Hoover Dam Important Operating Elevations 
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4 Lake Mead usually is at its maximum water level in November and December.  If 
5 required, system storage space-building is achieved between August 1 to January 1.  
6 Hoover Dam storage space-building releases are limited to 28,000 cfs, while the mean 
7 daily releases to meet the water delivery orders of Colorado River water entitlement 
8 holders normally range between 5,000 cfs to 20,000 cfs. 

9 In addition to controlled releases from Lake Mead to meet water supply requirements, 
10 water is also diverted from Lake Mead at the Southern Nevada Water Authority (SNWA) 
11 Saddle Island intake facilities, Boulder City’s Hoover Dam intake, and the Basic Water 
12 Company’s (BWC) intake facility for use in the Las Vegas area for domestic purposes by 
13 SNWA, BWC and other users. 

14 The diversions by SNWA at its Saddle Island intake facilities entail pumping the water 
15 from the intake to SNWA’s transmission facilities for treatment and further conveyance 
16 to the Las Vegas area.  The elevation of the original SNWA intake is approximately 
17 1000 feet msl.  However, the minimum required Lake Mead water level necessary to 
18 operate the pumping units at SNWA’s original intake facility is 1,050 feet msl.  SNWA 
19 recently constructed a second intake at an elevation of 950 feet msl.  The minimum 
20 required Lake Mead water level necessary to operate the pumping units at SNWA’s 
21 second intake facility is approximately 1,000 feet msl. 

22 J.4.1.2 Davis Dam and Lake Mohave 

23 Davis Dam and Davis Power Plant are located 67 miles downstream from Hoover Dam, 
24 and approximately two miles upstream from Laughlin, Nevada, and Bullhead City, 
25 Arizona.  The reservoir’s primary purpose is to re-regulate Hoover Dam releases and aid 
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1 in the delivery of water supplies to downstream U.S. entitlement holders and to Mexico.  
2 Located on the Arizona side of the river, the Davis Dam Power Plant has five generating 
3 units, with a generating capacity of 255,000 kilowatts (kW), and with a combined 
4 hydraulic capacity of 31,000 cfs.  The power is marketed by Western. 

5 Lake Mohave is situated behind Davis Dam and is bounded for most of its 67-mile length 
6 by the steep walls of Pyramid, El Dorado, and Black Canyons.  The lake is relatively 
7 narrow, not more than four miles across at its widest point, but provides significant 
8 recreation opportunities and habitat for fish and wildlife.  The lake also captures and 
9 delays flash flood discharge from the side washes below Hoover Dam.  Typical flow time 

10 from Hoover Dam to Lake Mohave is four to six hours.  The lake has a storage capacity 
11 of approximately 1.818 maf.   

12 J.4.1.3 Parker Dam and Lake Havasu 

13 Parker Dam is located approximately 155 miles downstream from Hoover Dam.  Lake 
14 Havasu, formed by Parker Dam, is about 45 miles long and can store nearly 
15 648,000 acre-feet (af) of water.  At its maximum water surface elevation of 450.5 feet 
16 msl, the lake has a surface area of approximately 20,390 acres.  Lake Havasu provides a 
17 forebay and desilting basin from which water is pumped into the Colorado River 
18 Aqueduct (California) and the Central Arizona Project (CAP) Aqueduct.  The pumping 
19 plant that pumps water into the Colorado River Aqueduct is located on the west side of 
20 the river and is operated by The Metropolitan Water District of Southern California 
21 (Metropolitan).  The pumping plant that pumps water into the CAP Aqueduct is located 
22 on the east side of the river and is operated by the CAP. 

23 Parker Dam is the deepest dam in the world, in terms of the portion of the dam that is 
24 buried below the river bottom.  Approximately 73 percent of its structural height of 
25 320 feet msl is situated below the original riverbed.  Only about 85 feet msl of the dam’s 
26 total height is visible. 

27 The Parker Dam Power Plant is located on the California side of the Colorado River 
28 immediately below the dam.  It houses four hydroelectric generating units.  The installed 
29 generating capacity is 120,000 kW, but due to high tailrace elevation, the generation 
30 production is approximately 108,000 kW.  Four 22-foot diameter penstocks carry up to 
31 5,500 cfs each to feed the generating units.  About 50 percent of the plant's power output 
32 is reserved in perpetuity by Metropolitan for pumping water along the Colorado River 
33 Aqueduct to the Southern California Coastal area.  The remaining power is marketed by 
34 Western. 

35 J.4.1.4 Facilities in the Yuma Area 

36 Reclamation owns and operates various facilities in the Yuma Area that are used in the 
37 delivery of water supplies to users on the U.S. side, to Mexico, and in the management 
38 and regulation of the Colorado River.  These facilities include: dams and water storage 
39 reservoirs, diversions and turnout structures, four drainage well fields and related 
40 drainage canals, Yuma Desalting Plant and International canal system, and other related 
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1 facilities.  Local water districts also operate and maintain irrigation and drainage facilities 
2 for Reclamation under contracts executed with Reclamation. 

3 Imperial Dam is operated primarily as a diversion dam, providing water to the All-
4 American and the Gila Gravity Main Canals to meet the beneficial use requirements of 
5 entitlement holders in California and Arizona.  Releases may also be made to meet a 
6 portion of the 1944 Water Treaty deliveries to Mexico.  Occasionally (two to three times 
7 per month), water is released through the sluice gates at Imperial Dam to move 
8 accumulated sediment to the Laguna Desilting Basin which is located about two miles 
9 downstream from Imperial Dam.  The Laguna Desilting Basin, located within the 

10 Colorado River channel, is used to decant the water that is released or that passes  
11 Imperial Dam.   

12 Laguna Dam  is operated to regulate river flows and to temporarily store water used in 
13 sluicing operations at Imperial Dam.  Any water that is captured and temporarily stored at 
14 Laguna Reservoir is released to meet a portion of the 1944 Water Treaty deliveries to 
15 Mexico.   

16 Senator Wash Reservoir is an off-stream water storage facility that is used to regulate 
17 river flows.  The reservoir is used to capture any excess flows arriving at Imperial Dam.   
18 Additionally,  any shortfalls in river flows and supply can be made up by releasing water 
19 from Senator Wash Reservoir.  Senator Wash Reservoir is situated at a higher elevation 
20 than the adjacent Colorado River.  As such, any  water that is to be stored in the reservoir 
21 has to be pumped via the Senator Wash Pumping/Generating Plant.  When water is 
22 released from Senator Wash Reservoir through the Senator Wash Pumping/Generating 
23 Plant, hydroelectric power is generated.  

24 Reclamation also operates, either by itself or jointly with other agencies, various drainage 
25 systems that are used to facilitate the drainage of lands within Yuma Valley, Yuma Mesa, 
26 and the Wellton-Mohawk area.  These drainage systems include several well fields that 
27 are used to manage the groundwater in the underlying groundwater basins.  Drainage 
28 water that is pumped from these drainage wells or that is collected in the open drains, is 
29 pumped and conveyed to the Colorado River via different conveyance facilities. 

30 Additional information on these facilities and their operation is provided in 
31 Section J.4.3.2. 

32 J.4.1.5  Coordination of Water and Power Operations 

33 As noted in Section J.4.1.1, power generation is the third priority with respect to river 
34 operations, as stated in project-specific legislation, and as referred to under the Law of 
35 the River.  Reclamation is the Federal agency that manages the generation of hydro-
36 electric power at the Hoover, Davis, and Parker Power Plants.  Western is the Federal 
37 agency that markets that portion of the power that is generated from these power plants 
38 that is surplus to the amount reserved for Project Use Power (PUP) customers.  Ongoing 
39 LCR operations and activities related to the generation of hydroelectric power at Hoover, 
40 Davis, and Parker Dams are conducted pursuant to a Joint Operating Agreement (JOA) 
41 between Reclamation and Western, dated February 8, 1980.  This JOA was developed to 
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1 implement section 302(a)(1)(e) of Public Law 95-91 (August 4, 1977).  The JOA 
2 addresses maximizing the economic values of such power generation within the 
3 constraints of water release schedules, as described in Section 2.2.1.5 of the BA and 
4 Appendix S. 

The quantity of water flowing through the turbines (water releases) at each dam and 
6 respective power plant determines the amount of energy that can be produced.  
7 Reclamation determines a monthly release (and energy) schedule for Lake Mead (Hoover 
8 Dam), Lake Mohave (Davis Dam), and Lake Havasu (Parker Dam) prior to the beginning 
9 of each Water Year, based on meeting the downstream water orders and other objectives 

pursuant to the Annual Operating Plan.  The monthly schedules are revised each month to 
11 reflect changing water demands and other hydrologic conditions (See Section J.4.3.1).  
12 Water is not released solely to produce power and power contracts do not determine 
13 generation.  

14 Once daily water orders are received from downstream water contractors, Reclamation 
determines the daily releases at Davis and Parker Dams and coordinates with Western to 

16 determine the hourly water release schedules.  This “shaping” or scheduling of the hourly 
17 water releases throughout the day and week help to optimize power generation while still 
18 meeting the downstream water delivery orders.  Reclamation operates the power plants so 
19 as to schedule and make available electrical power and energy as requested by Western, 

provided that compliance with such request and the operation of the power plants do not 
21 conflict with Reclamation’s requirements for the operation of the dams and power plants 
22 with regards to flood control, navigation, water deliveries, or other project purposes 
23 having a higher priority.  See Section J.4.3.3 for a further discussion of daily water 
24 operations. 

To the degree that storage capacity is available, Lake Mohave is used to store flows 
26 released from Hoover Dam for power generation purposes until water is required to be 
27 released to meet scheduled water deliveries to downstream water contractors in the 
28 United States and Mexico.  This is possible because of the close proximity of Lake 
29 Mohave to Hoover Dam and the storage capacity usually available at Lake Mohave.  

Therefore, releases from Hoover Dam are restricted to meet the monthly water release 
31 schedule, not daily water release schedules such as at Davis and Parker Dams.  Western’s 
32 real-time dispatchers work directly with Reclamation’s Hoover Dam operators to manage 
33 power operations dynamically.  These real-time operations are described in further detail 
34 in Section J.4.3.3. 

J.4.2 Annual Operations—Water Delivery 
36 Requirements to U.S. Users and Mexico 

37 J.4.2.1 Annual Operating Plan 

38 The Colorado River Basin Project Act (CRBPA) required the Secretary to adopt long-
39 range operating criteria for the Colorado River by January 1, 1970.  The Criteria for 

Coordinated Long-Range Operation of Colorado River Reservoirs pursuant to the 
41 Colorado River Basin Project Act of September 30, 1968 (LROC) adopted in 1970 directs 
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1 the operation of the Colorado River reservoirs in compliance with requirements set forth 
2 in the Colorado River Compact, the CRBPA, the BCPA, the 1944 Water Treaty, and 
3 other applicable Federal decrees and laws.  Further information on the Law of the River 
4 is presented in Appendix A.  The LROC are implemented by the Secretary through 
5 decisions described in the Annual Operating Plan (AOP), which is mandated by the 
6 CRBPA. 

7 The AOP is prepared annually by Reclamation in consultation with the Basin States, 
8 other Federal agencies, Indian Tribes, state and local agencies, and the general public.  
9 The AOP describes how Reclamation will manage the reservoirs over the next year,1 

10 consistent with the LROC and the Decree.  Information is gathered to develop an AOP, 
11 as required by the CRBPA, after taking into consideration probable runoff, depletions, 
12 and consumptive uses.   

13 The AOP includes determinations of: 

14 1. The projected operation of the Colorado River reservoirs to satisfy project purposes 
15 under varying hydrologic and climatic conditions; 

16 2. The quantity of water considered necessary as of September 30, of the next year, to 
17 be in storage in the Upper Basin reservoirs as required by section 602(a) of the 
18 Colorado River Basin Project Act; 

19 3. The water available for delivery to Mexico pursuant to Minute No. 242 of the 1944 
20 Water Treaty; 

21 4. Whether the reasonable consumptive use requirements of mainstream users in the 
22 Lower Division States will be met under a Normal (delivery of 7.5 maf), Surplus 
23 (delivery greater than 7.5 maf) or Shortage (delivery less than 7.5 maf) condition as 
24 outlined in Article III of the Long Range Operating Criteria; and 

25 5. Whether water apportioned to, but unused by one or more Lower Division States 
26 exists and can be used to satisfy beneficial consumptive use requests of mainstream 
27 users in other Lower Division States as provided in the 1964 U.S. Supreme Court 
28 Decree in Arizona v. California. 

29 Since the hydrologic conditions of the Colorado River can never be completely known in 
30 advance, the AOP addresses the possible water supply and operating conditions that may 
31 result from three different hydrologic scenarios; the probable maximum (high inflow), 
32 most probable (average inflow) and probable minimum (low inflow) reservoir inflow 
33 conditions. The annual determinations listed in items 1 through 5 above are based on 
34 projected water use requirements, existing storage conditions, and most probable inflows. 
35 Pursuant to LROC, the Secretary may revise the annual determinations of the AOP within 

1 Within the Lower Basin, pursuant to the Decree, the determinations of unused apportionment, normal, surplus, and 
shortage deliveries are made annually on a calendar year basis.  Pursuant to the LROC, hydrologic determinations in 
the Upper Basin, such as reservoir equalization, are based on the water year (October–September).  In the AOP, 
which addresses both Upper and Lower Basin operations, references to year are expressly named calendar or water.  
Reclamation finalizes the AOP each year as close as possible to October 1, but the AOP is generally in effect 
through the following calendar year (i.e., a 15-month period).  For example, the 2005 AOP would be in effect from 
October 2004 through December 2005. 
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1 the year to reflect current hydrologic conditions, with appropriate consultation with the 
2 Basin states and other parties, as required by law. 

3 J.4.2.2 Water Delivery Requirements to Lower Basin 
4 U.S. Contractors 

5 As discussed above, the Secretary, through Reclamation, is required to determine the 
6 amount of Colorado River water available to the Lower Division States for the year. In a 
7 Normal year, sufficient Colorado River water is available for release, as determined by 
8 the Secretary, to satisfy up to 7.5 maf of annual consumptive use in the Lower Division 
9 States.  

10 In a Surplus year, sufficient Colorado River water is available for release, as determined 
11 by the Secretary, to satisfy annual consumptive use in the Lower Division States in 
12 excess of 7.5 maf.  The Secretary adopted a Record of Decision (ROD) incorporating 
13 final Interim Surplus Guidelines (ISG) on January 16, 20012.  The ISG supplement the 
14 more general factors provided in the LROC and are to be applied by the Secretary in the 
15 development of the AOP for the 15-year period beginning in the 2002 AOP and through 
16 preparation of the 2016 AOP.  The ISG established elevation “triggers” at Lake Mead 
17 that are used to determine whether surplus conditions exist, and if so, the amount of 
18 surplus water available to each Lower Basin state and for what uses it may be applied. In 
19 the ISG ROD, the Secretary also determined the method to distribute unused 
20 apportionment that may be available during the 15-year period in which the ISG are in 
21 effect.  See the Record of Decision, Colorado River Interim Surplus Guidelines; Final 
22 Environmental Impact Statement, January 16, 2001, for further detail about the ISG. 

23 In a shortage year, insufficient Colorado River water is available for release, as 
24 determined by the Secretary, to satisfy the annual consumptive use of 7.5 maf in the 
25 Lower Division States.  There are no established shortage guidelines that define when 
26 Lower Basin users would receive shortage condition deliveries or the precise volume of 
27 the shortage restriction.  To date, no shortage conditions in the Lower Basin have been 
28 declared. 

29 J.4.2.3 Water Delivery Requirements to Mexico 

30 Mexico is entitled to receive 1.5 million acre-feet per year (mafy) of Colorado River 
31 water delivered at the Northerly International Boundary (NIB) and SIB consistent with 
32 the 1944 Water Treaty (see LCR MSCP BA, Section 2.2.1.7).  At least 1.36 maf are 
33 required to be delivered at the NIB (normally consisting of releases from Colorado River 
34 system storage and drainage returns) and up to 140,000 af of Colorado River water 
35 (normally consisting of drainage returns and wasteway flows) can be delivered at the 
36 SIB.  Under current practice, Mexico may increase its annual water order by up to 
37 200,000 af for a total of 1.7 maf when flood control releases are being made from Lake 
38 Mead/Hoover Dam, as described in Section J.4.1.1.  Pursuant to the 1944 Water Treaty, 

2 The ISG were the subject of a previously completed ESA consultation. See also Section 2.2.2.1 of the LCR MSCP 
BA. 
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1 water deliveries to Mexico would be reduced in proportion to the reduced consumptive 
2 use in the United States under conditions of “extraordinary  drought.”  To date, no 
3 conditions of “extraordinary drought” have been determined. 

4 Minute No. 242 of the 1944 Water Treaty defines the salinity concentration limits of 
5 Colorado River water delivered to Mexico.  Reclamation has a salinity monitoring 
6 program whereby it routinely samples and measures the salinity of the river water at 
7 various points between Parker Dam and the SIB.  From these monitoring and testing 
8 activities, Reclamation is able to project throughout the year the annual salinity 
9 concentration in the Colorado River water that will be delivered to Mexico.  During the 

10 year, Reclamation may implement a variety  of measures to reduce salinity, including, but 
11 not limited to, reducing drainage pumping, discharging the drainage flows to the Main 
12 Outlet Drain or its extension, or by changing the point of discharge of the drainage flows 
13 from the NIB to the SIB. 

14 J.4.3 Monthly and Daily Operations  
15 Releases originating from Hoover Dam  are determined in one of two ways: 

16  Operations for Flood Control; releases from Hoover Dam are set by  the flood control 
17 regulations (described below), 

18  Operations to Meet Downstream  Demands; releases from Hoover Dam are set to 
19 meet the downstream  water demands of Lower Basin Colorado River water 
20 entitlement holders and Mexico, as well as downstream regulation requirements 
21 (i.e., target lake levels at Havasu and Mohave, downstream losses, etc.) 

22 J.4.3.1 24-Month Study 

23 Colorado River operations under the AOP are adjusted during the year as runoff 
24 projections and water orders are updated.  Prior to the beginning of the calendar year, 
25 diversion schedules are requested from water contractors in the Lower Division States 
26 entitled to Colorado River water and are approved by  Reclamation pursuant to applicable 
27 Federal law and regulations (e.g., 43 C.F.R. Part 417). These schedules, along with the 
28 forecast of water supply, are input to Reclamation’s monthly operational model (the 
29 “24-month Study”). As the year progresses, the model is updated each month to reflect 
30 reported and projected water use for the year and to incorporate updates to the inflow 
31 forecast. The model is then re-run to produce an updated plan of operations for the main 
32 stem reservoirs. This updated plan includes projected releases and energy generation for 
33 each reservoir. In the Lower Basin, these data are provided to Western for updating their 
34 resource integration plans for the remainder of the year.  

35 Similarly, in December of each year, Mexico provides the U.S. with an advance monthly  
36 water order for the following year.  This water order can only  be changed by  providing  
37 the U.S. 30 days advance notice, and each monthly water order can be increased or 
38 decreased by  no more than 20 percent of the original monthly water order.  The 1944  
39 Water Treaty further stipulates that Mexico’s total water order must be no less than 
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1 900 cfs and no more than 5,500 cfs during the months of January, February, October, 
2 November, and December.  During the remainder of the year, Mexico’s water order must 
3 be no less than 1,500 cfs and no more than 5,500 cfs. 

4 Actual monthly releases from Hoover, Davis, and Parker Dams are adjusted to reflect the 
5 daily water delivery  orders submitted by the water contractors, as well as other 
6 operational constraints. 

7 J.4.3.2  Operations for Flood Control 

8 At Hoover Dam, flood control releases are defined as releases in excess of the 
9 downstream  demands and as required by the flood control regulations described below. 

10 Flood control was specified as a primary project purpose by the Boulder Canyon Project 
11 Act, the act authorizing Hoover Dam.  The U.S. Army Corps of Engineers (Corps) is 
12 responsible for developing the flood control operation plan for Hoover Dam and Lake 
13 Mead as indicated in 33 C.F.R. §208.11  and the plan is the result of a coordinated effort 
14 by the Corps and Reclamation.  However, any deviations from the flood control operating 
15 instructions provided by the plan must be authorized by the Corps.  The Secretary is 
16 responsible for operating Hoover Dam  in accordance with these regulations. 

17 The Los Angeles District of the Corps published the current flood control regulations in 
18 Water Control Manual for Flood Control, Hoover Dam and Lake Mead Colorado River 
19 dated December 1982 (Water Control Manual).  The Field Working Agreement between 
20 the Corps and Reclamation for the flood control operations of Hoover Dam  and Lake 
21 Mead, as prescribed in the Water Control Manual, was signed on February  8, 1984 
22 (Appendix P).  The Field Working Agreement is designed to ensure a clear understanding 
23 of flood control regulations and to facilitate the exchange of information between the 
24 Corps and Reclamation that is required for operation of Hoover Dam  and Lake Mead. 

25 Hoover Dam and Lake Mead 

26 Lake Mead’s uppermost 1.5 maf of storage capacity, between elevations 1,219.61 msl 
27 and 1,229.0 msl, is defined as exclusive flood control space.  Within this capacity 
28 allocation, 1.218 maf of flood storage is above elevation 1,221.0 msl, which is the top of 
29 the raised spillway gates. 

30 Flood control regulations specify that once Lake Mead flood releases exceed 40,000 cfs, 
31 the releases shall be maintained at the highest rate until the reservoir drops to elevation 
32 1,221.0 feet msl.  Releases may then be  gradually reduced to 40,000 cfs until the  
33 prescribed seasonal storage space is available. 

34 The regulations set forth two primary criteria for flood control operations related to 
35 snowmelt:  1) system space building requirements in the fall, and 2) application of runoff 
36 forecasts to determine releases in the spring. 
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1 In preparation for each annual season of snow accumulation and associated runoff, 
2 progressive expansion of total Colorado River system reservoir space is required during 
3 the latter half of each year.  Minimum available flood control space increases from  
4 1.5 maf on July 31 to 5.35 maf on January  1.  Required flood storage space can be 
5 accumulated within Lake Mead and in specified upstream reservoirs:  Powell, Navajo, 
6 Blue Mesa, Flaming Gorge and Fontenelle.  The minimum required to be reserved 
7 exclusively for flood control storage in Lake Mead is 1.5 maf.  Table J-2 presents the 
8 amount of required flood storage space within the Colorado River system by date. 

9 Table J-2.  Minimum Required Colorado River System Storage Space 

Date Storage Volume (million acre-feet) 

August 1 1.50 

September 1 2.27 

October 1 3.04 

November 1 3.81 

December 1 4.58 

January 1 5.35 
10  

11 Normal space-building releases from Lake Mead to meet the required July 31 to January  
12 1 flood control space are limited to a maximum of 28,000 cfs.  Releases in any month 
13 based on water entitlement holders’ demand are much less than 28,000 cfs (5,000 cfs to 
14 20,000 cfs). 

15 The Secretary may also consider additional space-building releases (described as 
16 anticipatory flood control releases) beyond the minimum requirements specified by the 
17 Field Working Agreement after consideration of other factors including channel capacity  
18 and maintenance downstream, power plant maintenance requirements at Hoover, Davis, 
19 and Parker Dams, and hydrologic conditions and forecasts. 

20 Between January 1 and July 31, flood control releases, based on forecasted inflow, may  
21 be required to prevent filling of Lake Mead beyond its 1.5 maf minimum space 
22 requirement.  Beginning on January  1 and continuing through July, the Colorado Basin 
23 River Forecast Center (CBRFC) issues monthly runoff forecasts.  These forecasts are 
24 used by Reclamation in estimating releases from Hoover Dam.  The release schedule 
25 contained in the Corps’ regulations is based on increasing releases in six steps as shown 
26 on Table J-3.  
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1 Table J-3.  Minimum Flood Control Releases at Hoover Dam 

Step Release (cubic feet per second) 

Step 1 0 

Step 2 19,000  

Step 3 28,000  

Step 4 35,000  

Step 5 40,000  

2 
Step 6 73,000  

 

 

3 The lowest step, 0 cfs, corresponds to times when the regulations do not require flood 
4 control releases.  Hoover Dam releases are then made to meet water and power 
5 objectives.  The second step, 19,000 cfs, is based on the power plant capacity of Parker 
6 Dam.  The third step, 28,000 cfs, corresponds to the Davis Dam Power Plant capacity.  
7 The fourth step in the Corps release schedule is 35,000 cfs.  This flow corresponds to the 
8 power plant flow-through capacity of Hoover Dam in 1987.  However, the present power 
9 plant flow-through capacity at Hoover Dam is 49,000 cfs.  At the time Hoover Dam was 

10 completed, 40,000 cfs was the approximate maximum flow from the dam considered to 
11 be non-damaging to the downstream streambed.  The 40,000 cfs flow now forms the fifth 
12 step.  Releases of 40,000 cfs and greater would result from low-probability hydrologic 
13 events.  The sixth and final step in the series (73,000 cfs) is the maximum controlled 
14 release from  Hoover Dam  that can occur without spillway flow. 

15 Flood control releases are required when forecasted inflow exceeds downstream  
16 demands, available storage space at Lakes Mead and Powell, and allowable space in 
17 other Upper Basin reservoirs.  This includes accounting for projected bank storage and 
18 evaporation losses at both lakes, plus net withdrawal from Lake Mead by the SNWA.  
19 The Corps regulations set the procedures for releasing the volume that cannot be 
20 impounded, as discussed above. 

21 Average monthly releases are determined early in each month and apply only to the 
22 current month.  The releases are progressively revised in response to updated runoff 
23 forecasts and changing reservoir storage levels during each subsequent month throughout 
24 the January  1 to July 31 runoff period.  If the reservoirs are full, drawdown is 
25 accomplished to vacate flood control space as required. 

26 During non-flood operations, the end-of-month Lake Mead elevations are driven by  
27 consumptive use needs, Glen Canyon Dam releases, and 1944 Water Treaty deliveries to 
28 Mexico.  Lake Mead end-of-month target elevations are not fixed as are the end-of-month 
29 target elevations for Lake Mohave and Lake Havasu.  Normally, Lake Mead elevations 
30 decline with increasing irrigation deliveries through July and then begin to rise again.  
31 Lake Mead’s storage capacity provides for the majority of Colorado River regulation 
32 from  Glen Canyon Dam to the border with Mexico. 
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1 Davis Dam and Lake Mohave 

2 Hoover Dam  flood control releases are passed through Davis Dam.  Flood control  
3 requirements for Davis Dam  were developed through the monthly target elevations 
4 developed for Lake Mohave.  System flood control releases (from  Hoover Dam), as well 
5 as side wash inflows, were considered in the development of the target elevations.  
6 Reclamation has discretion to develop and manage Lake Mohave’s target water surface 
7 elevations and allocated flood control reserved capacity that changes throughout the year 
8 by making releases through Davis Dam.  This flood control reserved capacity is 
9 considered and taken into account in the Davis Dam release calculation.  Specifically, the 

10 operators use a rule curve with “target water surface elevations” that coincide with 
11 respective vacant storage capacity.  The target water surface elevations that are used to 
12 assure that sufficient flood control storage capacity is allocated for Lake Mohave are 
13 shown in Figure J-4.  As shown on this  figure, Lake Mohave generally reaches its 
14 maximum  elevation in the spring and its minimum elevation in the fall.  Reclamation 
15 generally lowers the lake level in the fall to provide flood control storage space for runoff 
16 that results from large hurricane-type storms coming up river from  Mexico.  However, it 
17 needs to be noted that these are target elevations only.  The actual water surface  
18 elevations will sometimes differ from the target elevations with the regulation of Hoover 
19 releases and the balancing of arriving flows with downstream water demands.   

20 As with releases from Hoover Dam, factors that must be considered when making the 
21 Davis Dam releases include the need to meet downstream  water requirements throughout 
22 the month and the objective to maintain non-damaging flow levels downstream.  
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Figure J-4 
Lake Mohave Monthly Target Elevation 
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Month 
Jan 
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1994–1998 Operation 
(Curve A) 

Month 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

Elev. 
641.8 
643.0 
643.0 
643.0 
645.0 
642.0 
635.5 
633.0 
630.5 
630.5 
634.0 
638.7 

Cont. kaf 
1666 
1699 
1699 
1699 
1754 
1671 
1499 
1434 
1371 
1371 
1460 
1583 

25 

   

 

 

Technical Documentation of 
Ongoing and Future Operations 

Lower Colorado River  December 2004 
Multi-Species Conservation Program J-16 
Final Appendices to Volumes I–III and V J&S 00-450 

 



1 Parker Dam and Lake Havasu 

2 Hoover Dam  flood control releases also are passed through Parker Dam  after deliveries 
3 are made to the CAP and Metropolitan diversion facilities at Lake Havasu, and other 
4 users upstream of Parker Dam.  Flood control requirements for Parker Dam  were 
5 developed through the monthly target elevations developed for Lake Havasu.  System  
6 flood control releases from Hoover Dam, as well as side wash inflows and flood flows on 
7 the Bill Williams River, were considered in those target elevations.  Reclamation has 
8 discretion to develop and manage the target elevations of Lake Havasu by making 
9 releases through Parker Dam.    

10 Similar to Lake Mohave, Lake Havasu follows a target elevation curve for end-of-month 
11 water surface elevations as shown in Figure J-5.  As shown on this figure, Lake Havasu 
12 generally reaches its maximum elevation in the spring and its minimum elevation in the 
13 late fall.   

14 As with releases from Hoover and Davis Dams, factors that must be considered when 
15 making these releases include the need to meet downstream  water requirements 
16 throughout the month and the objective to maintain non-damaging flow levels 
17 downstream.  

 

 

 

 

 

 
 

 

 

18 Figure J-5 
19 Lake Havasu Monthly Target Water Surface Elevations 
20 Used to Provide Flood Control Reserve Capacity 
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1 Yuma Area Operations 

2 In the Yuma  area, under flood control conditions (due to excessive flows from  any one or 
3 a combination of the main stem of the Colorado River, Bill Williams River, and or Gila 
4 River), water may be routed in any one or a combination of routes available to 
5 Reclamation to avoid flood  damage in the Yuma Division.  Although flood control 
6 operations at Hoover Dam  is a nondiscretionary  action, the specific routing of these and 
7 other flood flows through the Yuma Division is discretionary.  

8 The flood flow routing in and around the Yuma Division can be accomplished using any  
9 one or a combination of the following methods: 

10  Flood flows are diverted at Imperial Dam, conveyed through the All-American Canal 
11 to the Pilot Knob Check, and at a point above the Pilot Knob Check, the flows are 
12 diverted from the All-American Canal through the Pilot Knob Power Plant and 
13 Wasteway and routed back into the Colorado River.  The Pilot Knob Wasteway  
14 channel discharges to the Colorado River at a point located approximately 2.1 miles 
15 upstream of NIB. 

16  Flood flows are diverted at Imperial Dam, conveyed through the All-American Canal 
17 to the Siphon Drop, and at a point above the Siphon Drop, the flows are diverted 
18 from the All-American Canal through the Siphon Drop Wasteway and into the Yuma  
19 Main Canal.  The water is then conveyed some 3.5 miles within the Yuma Main 
20 Canal and then is diverted and discharged back into the Colorado River via the Yuma 
21 Main Canal Wasteway.  The Yuma Main Canal Wasteway (California Wasteway) 
22 discharges to the Colorado River at a point located approximately 7.6 miles upstream  
23 of NIB. 

24  Flood flows are passed through Imperial and Laguna Dams and allowed to flow via 
25 the river channel to NIB.  

26 The Colorado River channel in the Yuma  and Limitrophe Divisions has experienced 
27 considerable sediment aggradation (i.e., build-up) as a result of floodflows from the Gila 
28 River in 1993.  Sediment that was deposited in these reaches of the river has raised  
29 streambed and groundwater elevations.  The area that has been impacted most recently is 
30 the 34-mile portion of the river from the confluence with the Gila River through the 
31 Yuma and Limitrophe Divisions to the SIB.  During the Gila River flood of 1993, an 
32 estimated 10 million cubic yards of sediment was deposited in the Yuma Division, the 
33 reach of the river from the confluence with the Gila River to Morelos Diversion Dam.   
34 The aggradation of the river channel increased normal flow elevations an average of 
35 approximately five feet and increased groundwater levels in the Yuma area between two 
36 and five feet above normal, depending on the location and its proximity to the Colorado 
37 River. 

38 During 1999 and 2000, the portion of the Colorado River from Pilot Knob Wasteway to 
39 Morelos Diversion Dam was dredged by Reclamation to improve channel capacity and 
40 reduce sediment inflow to Mexico’s canal system.  Reclamation estimates that the river 
41 reach between the Pilot Knob Wasteway and the Morelos Diversion Dam currently has a 
42 flow capacity of about 18,000 cfs.   
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1 The river reach between the Pilot Knob Wasteway to the Gila River has not been dredged 
2 since the Gila River flood of 1993.  As such, the flow capacity of this river reach is now 
3 less than that available before 1993.  In the latter part of 2000, Reclamation developed an 
4 estimate of the channel capacity in the Yuma area above Pilot Knob Wasteway.  These 

estimates indicate that this river reach may accommodate flows of approximately 
6 9,000 cfs before facilities located within the levee system would be damaged.  Due to the 
7 capacity limitations in this river reach, Reclamation will, to the extent possible, use 
8 alternative routing of surface waters around the Yuma area to decrease the possibility of 
9 significant damage to federal, state, local, and private facilities, Indian reservation lands, 

and other potential sites.  Alternative routing provides a means of minimizing the impacts 
11 of flood flows. 

12 Using the above described alternative flood flow routing methods, flood flows that arrive 
13 at Imperial Dam in excess of 9,000 cfs can be diverted from the mainstem at Imperial 
14 Dam and routed through the All-American Canal.  These flood flows can then be 

returned to the mainstem of the Colorado River via the Pilot Knob Power Plant and/or 
16 Pilot Knob Wasteway, via the Siphon Drop Power Plant and Yuma Main Canal, or a 
17 combination of these two routes.  The All-American Canal is used principally to convey 
18 Imperial Irrigation District’s and Coachella Valley Water District’s Colorado River 
19 entitlement from the Colorado River at Imperial Dam to their respective service areas. 

The All-American Canal can convey flows up to 12,000 cfs between Imperial Dam and 
21 Pilot Knob.  During flood flow conditions, the magnitude of the flood flows that can be 
22 routed through the All-American Canal are constrained by this maximum flow capacity 
23 (12,000 cfs) and the scheduled water deliveries of the Imperial Irrigation District and 
24 Coachella Valley Water District.  The combined Imperial Irrigation District and 

Coachella Valley Water District water deliveries can vary between a few hundred cfs to 
26 as much as 8,000 cfs.  As such, Reclamation can route flood flows through the All-
27 American Canal that equal the difference between 12,000 cfs and the scheduled water 
28 deliveries for Imperial Irrigation District and Coachella Valley Water District.  The 
29 remainder of the flood flows would be passed through Imperial and Laguna Dams and 

routed to NIB via the river channel. 

31 Any flood flows that arrive at Morelos Dam are available to water contractors in Mexico 
32 for diversion at Morelos Diversion Dam. The maximum capacity of Mexico’s diversion 
33 canal, the Reforma (formerly Alamo) Canal, is 5,500 cfs.  Any flow that Mexico does not 
34 divert to the Reforma Canal at Morelos Diversion Dam would pass Morelos Diversion 

Dam and enter the river channel in the Limitrophe Division. 

36 Table J-4 provides an example of this flood flow routing process.  The numbers in these 
37 tables are provided for example purposes only.  The actual flood flow routing would need 
38 to be determined based on a range of factors and conditions that exist at the time that 
39 these decisions are needed to be made.  In this example, by deducting the estimated water 

orders, river losses, and water placed in storage downstream of Hoover Dam from the 
41 planned flood flow release from Hoover Dam, it is possible to determine the amount of 
42 water that will arrive at Imperial Dam. By deducting the scheduled water deliveries at 
43 Imperial Dam, it is possible to determine how much water must be released from 
44 Imperial Dam to the downstream river reach, either by passing the water through Imperial 

and Laguna Dams or by routing the water via the All-American Canal.  The latter 
46 requires the operators to determine how much capacity is available in the All-American 
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1 Canal to carry a portion of the flood flows around the Yuma area.  In general, the practice 
2 is to maximize the releases from the All-American Canal through Pilot Knob Power Plant 
3 and Wasteway to the extent possible, with the remaining releases routed through the river 
4 channel by passing the water through Imperial Dam and Laguna Dam. 

5 Table J-4.  Hypothetical Scenario for Flood Routing Resulting from Flood Control 
6 Releases—Stream Channel 

Flow (cubic feet per second) Release or Diversion Location 
28,000 Hoover Dam Flood Flow Release 

0 Stored in Lakes Havasu or Mohave 
-2,000 Metropolitan Water District order 
-3,000 Central Arizona Project order 
23,000 Parker Dam Flood Flow Release 

-400 Colorado River Indian Tribes order 
-300 Palo Verde Irrigation District order 
-800 System losses (e.g., evaporation) 

21,500 Flood Flow Arriving at Imperial Dam 
-3,000 Imperial Irrigation District/Coachella Valley Water 

District orders 
-400 Yuma County Water Users’ Association order 
-200 Reservation Division order 
-700 Gila Gravity Main Canal Station 30 order 

17,200 Estimated Flood Flow Needed to be Routed to NIB 
8,000 Calculated Portion of Flood Flow to be Routed to 

NIB via All-American Canal and Pilot Knob 
400 Calculated Portion of Flood Flow to be Routed to 

NIB via All-American Canal and Siphon Drop 
8,800 Calculated Portion of Flood Flow to be Routed to 

NIB via River Channel 
17,500 Flood Flow Arriving at NIB (including 300 drainage 

flow) 
-3,000 Morelos Diversion Dam diversion (5,500 maximum) 
14,500 Released to Limitrophe Division 

7 

8 In the example shown above, all of the unused available capacity of the All-American 
9 Canal is used to convey a portion of the flood flow (8,400 cfs) that arrives at Imperial 

10 Dam.  The remainder of the flood flow (8,800 cfs) is passed through Imperial and Laguna 
11 Dams and routed to NIB via the river channel.  In this example, 400 cfs of the flood flow 
12 being routed via the All-American Canal is returned to the river via the California 
13 Wasteway and the remainder (8,000 cfs) is returned to the river via the Pilot Knob Power 
14 Plant and Wasteway.   

15 During prolonged flood control releases, water is not normally stored in Lakes Mohave or 
16 Havasu.  However, for short-term flood control releases lasting only a few days or weeks, 
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1 some water may be stored in Lake Havasu and Lake Mohave to provide relief to 
2 downstream reaches of the river to the extent possible.  In addition, storage available at 
3 Imperial Dam, Senator Wash, and Laguna Dam is often used, on a day-to-day basis, to 
4 delay the full impact of flood releases in the Yuma area for that length of time. 

5 The above described alternative flood flow routing methods have been used 
6 intermittently since 1983 and most recently during flood control release periods in 1997, 
7 1998, and 1999.  These alternative routing methods are expected to be used again under 
8 future high-flow conditions.  This alternative approach to flood routing is a discretionary 
9 approach to river flow management and is needed to reduce or prevent flood damage and 

10 to facilitate nondiscretionary water deliveries. 

11 J.4.3.3 Operations to Meet Downstream Water 
12 Demands 

13 This section provides an overview of the processes used by Reclamation to schedule 
14 daily water releases and energy production under non-flood control conditions.  The goal 
15 of Reclamation is to provide water for beneficial use and to maximize power generation 
16 to the extent practicable within the Law of the River.  This is done through a very 
17 deliberate and well-coordinated process that involves various Reclamation offices, 
18 Western, other governmental and non-governmental organizations, and private entities.   

19 The description of the daily operations is provided on a bottom-to-up sequence; i.e., the 
20 daily scheduling begins with the demands of the users located at the lowest part of the 
21 river and these are accumulated with the demands of the users located in the upstream 
22 river reaches.  This process is used to calculate and schedule releases from each reservoir 
23 in sufficient quantities to meet the water delivery requirements of the respective 
24 downstream users.   

25 Yuma Area Operations 

26 Reclamation’s Yuma Area Office schedules water deliveries from Parker Dam to users in 
27 southern Arizona, southern California, and Mexico.  This office also operates four 
28 drainage well fields located in the Yuma area and coordinates the operation of two other 
29 drainage well fields operated by or owned by other water agencies.  Additionally, 
30 Reclamation manages all salinity control projects south of Imperial Dam to meet the 
31 salinity requirements of flows delivered to the Northerly and Southerly International 
32 Boundaries with Mexico.  The following provides more detail on Reclamation’s Yuma 
33 Area Operations. 

34 Water Scheduling and Water Deliveries 
35 The Yuma Area Office administers Colorado River water deliveries downstream of Davis 
36 Dam, except for water diverted from the river and conveyed to the Southern California 
37 coastal plain and to Central Arizona.  As noted previously, water released from Hoover 
38 Dam is regulated in Lake Mohave and releases from Davis Dam are regulated in Lake 
39 Havasu.  The transit time for water released at Hoover Dam to reach Lake Havasu is less 
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1 than two days.  Water released from Parker Dam (and Lake Havasu) takes approximately  
2 three days to travel to Imperial Dam. 

3 Reclamation evaluates several factors in determining how much water to release from  
4 Hoover, Davis, and Parker Dams.  These factors include:  water orders obtained in 
5 advance of the release of such water from the Dam, trends in the water orders (i.e., are 
6 they going up, down, or remaining fairly constant), drainage return flows, current and 
7 projected weather forecasts, downstream river losses or gains, and the current and 
8 projected status of storage at Senator Wash Reservoir, behind Imperial Dam,  and behind 
9 Laguna Dam.  Also, different reservoir elevations apply according to the time of year due 

10 to varying river regulation needs, and partly to accommodate environmental and  
11 recreational considerations.    

12 U.S. water entitlement holders below Parker Dam submit their water orders to the Yuma 
13 Area Office on each Wednesday of every week.  However, U.S. water entitlement  
14 holders are able to adjust their master schedule of water orders up to three days prior to 
15 the schedule water release from Parker Dam.   In addition to this, they are also permitted 
16 to vary from their master schedule on a daily  basis, if needed.  The daily volume of water 
17 released from Parker Dam is  made to meet the water ordered by Mexico and U.S. users 
18 and includes gains and losses that occur along the river from Parker Dam to Imperial 
19 Dam.  

20 Upstream of Imperial Dam, due to the shorter travel time between Parker Dam  and their 
21 respective diversion structure, the Palo Verde Irrigation District may modify its order one 
22 day  in advance of water releases from Parker Dam, and the Colorado River Indian  
23 Reservation may modify its order essentially  on the same day as it is delivered at 
24 Headgate Rock Diversion Dam.    

25 Once released from Parker Dam, there is limited capacity to regulate flows to 
26 accommodate changes in demand for water by downstream users.  Water released from  
27 Parker Dam pursuant to a user’s order may  be rejected by that user for the following 
28 reasons: 

29  Unexpected changes in weather including rain, wind, or cooler than expected 
30 temperatures.  

31  Unexpected damage or failure of canal facilities. 

32  Unexpected changes in water requests from farmers due to on-farm irrigation system  
33 problems or unexpected on-farm  management problems. 

34 Any water ordered exceeding actual demand at the time of arrival at Imperial Dam (i.e., 
35 the amount of a user’s order rejected after it has been released from Parker Dam) by any  
36 one of the downstream users is managed in one of the following ways: 

37  Put in storage at Senator Wash Reservoir or behind Imperial Dam.  

38  Delivered to another water contractor needing to divert more water than it ordered.  

39  Delivered to Mexico as part of its scheduled delivery  or as non-storable water. 
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1  Routed through the Old River Channel and Laguna Dam to temporarily store the  
2 water or slow down the transit time. 

3 Figure J-6 shows the variability of the daily flows arriving at Imperial Dam.  The daily  
4 flow values shown in this figure represent actual daily flows arriving at Imperial Dam  
5 during the 1996 Calendar Year.   

6 Any water above actual demands that arrives at Imperial Dam that cannot be managed by  
7 any  or a combination of the above options is inadvertently delivered to Mexico and is 
8 considered to be non-storable water.  Non-storable water may also result from infrequent 
9 and unregulated inflow from numerous desert washes that discharge into the Colorado 

10 River between Parker Dam and Imperial Dam.  Flood control releases from Hoover Dam  
11 are normally  in excess of downstream demands that also result in non-storable flows.   
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Figure J-6 
Variation of Daily Flows Arriving at Imperial Dam 

(reported 1996 daily river flow measurements at Cibola Stream Gage, RM 87.3) 
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16 1944 Water Treaty  Delivery  Requirements 
17 The United States Section, International Boundary and Water Commission (USIBWC) 
18 Minute No. 242 of the 1944 Water Treaty, provides for the United States to deliver 
19 annually to Mexico 1.36  maf of water from the Colorado River at the NIB and up to  
20 140,000 af at the SIB.  The NIB is one mile upstream  of Morelos Diversion Dam.  
21 Further, if Reclamation determines surplus water exists in excess of the amount necessary  
22 to supply uses in the United States and the guaranteed quantity of 1.5 maf annually to 
23 Mexico, Mexico may schedule up to an additional 200,000 af annually. 
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1 The 1944 Water Treaty also provides that in the event of “an extraordinary drought” or 
2 “serious accident” to the delivery system, deliveries to Mexico will be “reduced in the 
3 same proportion as consumptive uses in the U.S. are reduced.”  To date, these provisions 
4 of the 1944 Water Treaty have not been invoked.   

Minute No. 242 of the 1944 Water Treaty also provides that water received by Mexico at 
6 NIB will be no more than 115 ppm or, plus or minus 30 ppm, greater than the salinity of 
7 the river at Imperial Dam.  This water quality requirement makes it necessary to consider 
8 the volume and water quality of the drainage return flows that enter the Colorado River 
9 below Imperial Dam and the volume and water quality of the water that is scheduled for 

diversion and delivery to Mexico from above Imperial Dam.  In most situations, 
11 sufficient water must be released from Imperial Dam to balance the water quality of the 
12 inflows that occur below Imperial Dam. 

13 Reclamation entered into a contract on June 14, 1972, for temporary emergency delivery 
14 of a portion of the 1944 Water Treaty waters in the vicinity of the City of Tijuana, 

Mexico.  This contract was renewed or extended several times.  The USIBWC concluded 
16 Minute No. 310 of the 1944 Water Treaty on July 28, 2003, entitled “Emergency 
17 Delivery of Colorado River Water for Use in Tijuana, Baja California,” which authorized 
18 these deliveries.  Following the completion of Minute No. 310 of the 1944 Water Treaty, 
19 the most recent renewal was completed on September 29, 2003.  The specifics of this 

agreement are discussed further in a later part of this selection. 

21 1944 Water Treaty Deliveries at the Northern International Boundary 
22 Under normal operating conditions and when there is no runoff from the Gila River 
23 System, the delivery of scheduled water to Mexico at the Northerly International 
24 Boundary (NIB) comes from two principal sources:  1) drainage return flows that occur 

downstream of Imperial Dam, and 2) the diversion of flows to Mexico from Imperial 
26 Dam.  The drainage return flows are nearly constant throughout the year and from year to 
27 year and comprise both gravity and pumped drainage flows. 

28 On Wednesday of every week, Mexico submits a schedule of daily water orders for the 
29 ensuing week.  These orders are submitted to Reclamation through the International 

Boundary and Water Commission (IBWC), at Yuma.  Mexico cannot change its daily 
31 water order once received by Reclamation, except in cases of emergency. 

32 The Mexico diversions from Imperial Dam may be delivered to Mexico at NIB via one or 
33 a combination of three routes.  Figure J-7 presents a schematic that shows these routes.  
34 The following provides an explanation of these three flow routing methods: 

 The water scheduled to be delivered to Mexico is diverted at Imperial Dam, 
36 conveyed through the All-American Canal to the Pilot Knob Check, and at a point 
37 above the Pilot Knob Check, the flows are diverted from the All-American Canal 
38 through the Pilot Knob Power Plant and Wasteway back into the Colorado River. 
39 The Pilot Knob Wasteway channel discharges to the Colorado River at a point 

located approximately 2.1 miles upstream of NIB. 

41  The water scheduled to be delivered to Mexico is diverted at Imperial Dam, 
42 conveyed through the All-American Canal to the Siphon Drop, and at a point above 
43 the Siphon Drop, the flows are diverted from the All-American Canal through the 
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1 Siphon Drop Wasteway and into the Yuma Main Canal.  The water is then conveyed 
2 some 3.5 miles within the Yuma Main Canal and then is diverted and discharged 
3 back into the Colorado River via the Yuma Main Canal Wasteway.  The Yuma Main 
4 Canal Wasteway discharges to the Colorado River at a point located approximately  
5 7.6 miles upstream of NIB. 

6  The water scheduled to be delivered to Mexico is delivered directly to NIB via the 
7 Colorado River.  Under this  method, water is passed through Imperial and Laguna 
8 Dams and is allowed to flow via the river channel to NIB.  These flows are in 
9 addition to the base flows in the riverbed downstream  of Laguna Dam.  The base 

10 flows are generally consistent throughout  the year and result from gate leakage at  
11 Imperial Dam, returns to the river below Imperial Dam from the All-American Canal 
12 Desilting Basin, and drainage flows from downstream  sources.  These base flows 
13 normally range from 600 cfs to 800 cfs.   

14 Another intermittent water source that is available for delivery to Mexico at the NIB is 
15 the Gila River.  When releases from Painted Rock Dam occur, these flows are used to 
16 satisfy a portion of Mexico’s delivery,  depending on the amount of flow from the Gila 
17 River that enters the Colorado River upstream of the NIB. 
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1 Figure J-7 
2 Water Routing to Morelos Diversion Dam  
3 Deliveries to Mexico Pursuant to 1944 Water Treaty 
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5 Well and Drainage Operations 
6 A significant portion of the agricultural development that exists today in the Yuma Mesa, 
7 Yuma Valley, South Gila Valley, North Gila Valley, the Wellton-Mohawk area, and the 
8 Reservation Division began at the turn of the century.  The original water supply used for 
9 these irrigated lands was principally groundwater.  However, with the rapid growth of 
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1 agricultural development and increasing demand for irrigation water, the groundwater 
2 supplies were quickly required to be supplemented with surface water supplies from the 
3 Colorado River. 

4 Most of these areas began to have drainage problems soon after delivery  of Colorado 
5 River water began.  The drainage problems can be attributed to various factors including: 

6  Irrigated areas must have either natural or artificial drainage to get rid of excess water 
7 and groundwater mounding that would  otherwise “waterlog” the land. 

8  Natural or artificial drainage systems need to be provided to dispose of the salts that 
9 accumulate as a result of the crop’s use of the water through evapotranspiration.  In 

10 sufficient concentration, all salts, even fertilizers, can be injurious to plants. 

11 For the South Gila Valley, Yuma Valley and the Wellton-Mohawk area, the rapid rate at 
12 which land was put into agricultural production, the flatness and poor natural drainage 
13 conditions of the lands, the magnitude of the need to leach (“flush”) the naturally  salty  
14 soils, the water application requirements made necessary by high temperatures and light 
15 soils, and the nature of the underlying aquifer made the installation of a drainage (return 
16 flow) system  a requirement soon after Colorado River water was first applied to the land.  
17 In addition to this, the application of irrigation water on Yuma Mesa lands created a 
18 groundwater mound which exacerbated the groundwater problems in the South Gila and 
19 Yuma Valleys.  As such, Reclamation and the various irrigation districts that operate in 
20 and around these lands have constructed, over the years, various drainage systems that 
21 are used today to facilitate the drainage of the affected lands.  The areas served by these 
22 systems include the service areas of the Bard Water District (Bard – i.e., Reservation 
23 Division), North Gila Valley Irrigation and Drainage District (NGVID—i.e., North Gila 
24 Valley), Yuma Irrigation District (YID—i.e., South Gila Valley), The Wellton-Mohawk 
25 Irrigation and Drainage District (WMIDD), and the Yuma County  Water Users 
26 Association (YCWUA—i.e., Yuma Valley).  The drainage systems used to drain these 
27 lands form a network of groundwater wells, open drains, canals, pipelines, pumping 
28 systems, and related appurtenances.  Figure J-8 shows the general layout of these 
29 drainage systems.  Some of the facilities are operated by Reclamation, others by  the 
30 overlying District, and others are jointly operated by  Reclamation and one or more of the 
31 overlying districts.  The principal facilities that make-up the drainage systems include: 

32  Wellton-Mohawk Main Conveyance Channel, 

33  Main Outlet Drain, 

34  Main Outlet Drain Extension (MODE), 

35  MODE 2, MODE 3, and related wasteways, 

36  11 and 21 Mile Wasteways,  

37  U.S. and Mexican sections of the Bypass Drain, 
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1 Figure J-8 
2 Drainage and Well Systems in the Yuma Area 
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1  Yuma Valley Main Drain, 

2  East and West Main Canal Wasteways,  

3  Boundary Pumping Plant, 

4  Sanchez-Mejorada Canal, 

5  Yuma Mesa Conduit, 

6  Yuma Mesa Drainage Well Field, 

7  242 Well Field, 

8  Reservation Division Main Drain and related drainage system, 

9  A diversion channel from the Boundary Pumping Plant to the U.S. Bypass Drain, 

10  The South Gila Valley drainage wells, 

11  The Yuma Valley drainage wells. 

12 The Wellton-Mohawk Main Conveyance Channel and the Main Outlet Drain are gravity 
13 canals used to convey return flows from the lands in and around the WMIDD service area 
14 to the Colorado River.  These facilities originally discharged into the Colorado River 
15 above the NIB.  To improve the quality of the water that is delivered to Mexico, the Main 
16 Outlet Drain Extension (MODE) was constructed in the late 1960’s.  The MODE is also 
17 connected to the Bypass Drain which gives Reclamation the flexibility of discharging the 
18 return flows to the Colorado River above NIB, between NIB and SIB, or below SIB (to 
19 the Santa Clara Slough, also known as the Cienega de Santa Clara). 

20 The Yuma Mesa Conduit was constructed to convey the discharge of the Yuma Mesa 
21 Well Field wells to the Colorado River.  Since its construction, several drainage wells in 
22 the Yuma Valley have been allowed to discharge into the Yuma Mesa Conduit.  The 
23 Yuma Mesa Conduit flows in a northerly direction and can discharge directly into the 
24 Colorado River (upstream of the NIB), discharge into the Yuma Valley drainage system, 
25 or discharge into the MODE. 

26 The Yuma Valley Main Drain extends north to south through the central part of the 
27 Yuma Valley and terminates at the Boundary Pumping Plant which is located near the 
28 SIB.  The Yuma Valley Main Drain has several branches and together total almost 
29 60 miles of drainage ditches and canals.  There are numerous drainage wells along the 
30 east side of the valley that intercept underground flows from the Yuma Mesa and divert 
31 seepage from cultivated lands.  Several of these wells are operated and maintained by the 
32 Yuma County Water Users’ Association and others by Reclamation.  Most of the water 
33 pumped from the drainage wells is discharged into the open drain system which then 
34 flows into the Yuma Valley Main Drain and then to the Boundary Pumping Plant.  A 
35 small quantity of the drainage water from the wells and isolated open drains is 
36 occasionally pumped into irrigation canals.  In addition several of the wells in the Yuma 
37 Valley have recently had connections constructed to the Yuma Mesa Conduit. 

38 The East and West Main Canal Wasteways are essentially extensions of the East and 
39 West Main canal systems.  These wasteways are used to convey tailwater from the East 
40 and West Main canals into the Sanchez-Mejorada Canal.  The Sanchez-Mejorada Canal 
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1 was originally constructed to convey the discharge from the Boundary Pumping Plant to 
2 the Colorado River.  This canal flows south from the Boundary Pumping Plant, crosses 
3 and then flows into Mexico, and then connects to other canals and drains that are 
4 operated by Mexico and that discharge to the Colorado River.  The water from the 
5 Boundary Pumping Plant, along with water from other sources, is used by Mexico and 
6 sustains a significant agricultural economy along the east side of the Colorado River in 
7 Mexico. 

8 Reclamation has also constructed and operates a diversion channel that extends from the 
9 Boundary Pumping Plant to the U.S. Bypass Drain.  This diversion channel provides 

10 Reclamation with the flexibility to convey the discharge from the Boundary Pumping 
11 Plant to either the Sanchez-Mejorada Canal or to the U.S. Bypass Drain.  This flexibility 
12 enables Reclamation to better manage the quality of the water that is delivered to Mexico 
13 at both locations. 

14 The 242 Well Field is located east of San Luis, Arizona, in the Five-Mile Zone.  The well 
15 field was authorized under Minute No. 242 of the 1944 Water Treaty and Public Law 93-
16 320.  The well field is used to manage and conserve the underlying groundwater and to 
17 provide obligated water deliveries to Mexico.  The well field comprises some 21 wells, 
18 with the potential to expand to 35 wells in the future, if needed.  These wells are operated 
19 by Reclamation.  The well field has an existing pumping capacity of approximately 
20 110,000 afy and the potential to be expanded to 160,000 afy in the future, if needed.  The 
21 wells are strategically located within the 5 mile by 13 mile strip of land commonly 
22 referred to as the Five-Mile Zone.  The discharge from the wells is conveyed to the 242 
23 Lateral.  The 242 lateral is designed as an open and closed system consisting of a pipeline 
24 on each end and an open concrete lined channel in the center.  The pipeline varies from 
25 27-inches in diameter to 72-inch.  The end of the 242 Lateral is the 72-inch diameter 
26 terminal discharge pipeline that connects and discharges to Sanchez-Mejorada Canal. 

27 Drainage pumping in the Yuma area is necessary to maintain groundwater levels that are 
28 compatible with farming and urban infrastructure including homes, businesses, streets, 
29 septic tanks, and underground utilities such as sewer and water facilities and power lines.   

30 Drainage pumping is carefully balanced to maintain satisfactory groundwater levels while 
31 meeting the water quantity and water quality (salinity) requirements of the deliveries to 
32 Mexico at the NIB.  Some drainage return flows (both gravity flows and pumped flows) 
33 are also delivered to Mexico at SIB and are discussed in the following section.  Deliveries 
34 from the Yuma Mesa Conduit can be sent either to NIB or for emergency salinity control 
35 to the MODE, the Yuma Desalting Plant or a portion of the flows in the Yuma Mesa 
36 Conduit may be diverted to the SIB via opening a valve on the conduit at Avenue B ½  
37 and County 13 ½ Streets.  This valve has a capacity of approximately 30 cfs.  The Yuma 
38 Mesa Conduit has a capacity of approximately 115 cfs. 

39 Drainage water is pumped and conveyed to the river above NIB from the following well 
40 fields: 

41  The South Gila Valley Well Field, consists of 24 wells which pump to four Drainage 
42 Pump Outlet Channels (DPOC’s) with a total maximum capacity of 114 cfs ranging 
43 in distance from 9 to 12 miles upstream of NIB.  Drainage flows pumped from these 
44 wells are conveyed either to the river above NIB or the drainage flows may be 

Lower Colorado River December 2004 
Multi-Species Conservation Program J-30 
Final Appendices to Volumes I–III and V J&S 00-450 



   

 

 

Technical Documentation of 
Ongoing and Future Operations 

1 bypassed around NIB via the MODE, if necessary, for salinity control.  Total volume 
2 of water pumped is typically in the range of 55,000–75,000 afy.  Reclamation owns, 
3 operates and maintains these wells and conveyance facilities.   

4  The Yuma Mesa Well Field consists of 12 wells with a current total maximum  
5 capacity of 54 cfs.  Drainage flows pumped from these wells are conveyed to the 
6 river above NIB through the Yuma Mesa Conduit.  Drainage from these wells may be 
7 conveyed to the Colorado River upstream of NIB, to the Yuma Valley  drainage 
8 system, or to the MODE.  Total volume of water pumped is typically in the range of 
9 20,000–30,000 afy.  The wells range from 8–16 miles upstream of the outlet of the 

10 Yuma Mesa Conduit.  The outlet of the Yuma Mesa Conduit discharges directly into 
11 the Colorado River about 3.5 miles upstream of NIB.  Reclamation owns, operates 
12 and maintains these wells.   

13  The Yuma County wells consist of 4 wells owned by Yuma County and 14 wells 
14 owned by Reclamation and operated and maintained by the Yuma  County Water 
15 Users’ Association under contract with Yuma County.  The four Yuma County wells 
16 have a maximum capacity of 24 cfs and drainage flows are conveyed to the river 
17 above NIB via the Yuma  Mesa Conduit.  These flows may also be conveyed to the 
18 MODE.  Total volume of water pumped by the four Yuma County  wells and 
19 conveyed to the river is typically in the range of 5,000–8,000 afy.   The 14 
20 Reclamation-owned wells have a maximum capacity of 64 cfs.  The drainage flows 
21 from these wells can be conveyed through the Yuma  Mesa Conduit, directly to the 
22 river, or to the MODE if salinity control becomes critical.  These wells range from  
23 one to six miles from the Yuma Mesa Conduit outlet which is about 3.5 miles 
24 upstream of NIB.  Total volume of water pumped by these wells is typically in the 
25 range of 3,000–6,000 afy.   Operation of all of these wells is coordinated through 
26 Reclamation.   

27  The Yuma Valley drainage wells consist of seven wells with a total maximum  
28 capacity of 31 cfs.  The drainage flows from these wells can be conveyed to the 
29 Yuma Mesa Conduit, the East Drain, or the Southeast Drain, depending upon which 
30 well is pumped.  The wells are located 6–12 miles upstream of the Yuma Mesa 
31 Conduit outlet to the river.  Total volume of water pumped by these wells is typically  
32 in the range of 20,000–30,000 afy.  These wells are owned, operated and maintained 
33 by Reclamation.   

34  The Yuma County Water Users’ Drainage Wells consist of six wells with a total 
35 maximum  capacity  of 32 cfs and range in distance from 3–14 miles upstream of the 
36 Yuma Mesa Conduit outlet.  Drainage flows pumped from these wells are conveyed 
37 to the river above NIB through the Yuma Mesa Conduit.  Total volume of water 
38 pumped by these wells is typically about 20,000 afy.   Operation of these wells is  
39 coordinated with Reclamation. 

40  The Yuma Area Water Resource Management Group (YAWRMG) wells consist of 
41 six wells with a total maximum capacity of 27 cfs.  The drainage flows from these 
42 wells can be conveyed to the Yuma Mesa Conduit, the East Drain Extension, or the 
43 Yuma Valley Main Drain, depending upon which well is pumped.  Total volume of 
44 water pumped from these wells is expected to range from  approximately 12,000 afy 
45 to about 23,000 afy for the first four to six years after completion of all of the wells 
46 (estimate beginning in CY 2005), to achieve acceptable groundwater levels in the 
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1 Yuma Valley.  Once acceptable groundwater levels are achieved, the groundwater 
2 pumping will be reduced to that required to maintain the desired groundwater levels. 

3 1944 Water Treaty Deliveries at the Southerly International Boundary 
4 As discussed above, most of Mexico’s 1.5 maf annual Colorado River entitlement is 

delivered to Mexico at the NIB.  Minute No. 242 of the 1944 Water Treaty, dated August 
6 30, 1973, states that of the 1.5 maf that is required to be delivered by the United States to 
7 Mexico on an annual basis, up to 140,000 af of water per year can be delivered at the SIB 
8 near San Luis and in the Limitrophe Division at salinity levels historically delivered 
9 there.  This salinity level is calculated on an average annual basis based upon composite 

water samples.  These calculated salinity concentrations are compared to the historic 
11 salinity levels for water delivered to Mexico at SIB which are approximately 1,500 parts 
12 per million (ppm). 

13 Deliveries of water to Mexico at the SIB include a mixture of flows from different 
14 sources including the 242 Well Field, the East and West Main Canal Wasteways, the 

Yuma Valley Main Drain via the Boundary Pumping Plant and the 11 and 21 Mile 
16 Wasteways.  Water from this well field makes up a portion of the flows delivered to 
17 Mexico at the SIB.  The 242 Well Field was constructed in the early 1980s and has 
18 operated intermittently since then.  The well field is not operated when flood control 
19 releases or space-building releases are being made from Hoover Dam.  In accordance 

with Minute No. 242 of the 1944 Water Treaty, the U.S. is authorized to pump up to 
21 160,000 afy within the Five-Mile Zone, which includes the 242 Well Field.  Some of the 
22 water from the well field can be delivered to private or municipal sources within the 
23 United States through contracts with Reclamation. 

24 In late 1990s, as a matter of international comity, Reclamation agreed to address 
Mexico’s concerns with short-term fluctuations in the quantity and quality (salinity) of 

26 water deliveries at SIB.  A variable-speed motor controller was installed in 2003 on one 
27 of the four pumps at the Yuma Valley Boundary Pumping Plant to reduce variations in 
28 flows and peaks in salinity of those flows.  A diversion channel from the Boundary 
29 Pumping Plant to the U.S. Bypass Drain was constructed in 2002 to discharge a portion 

of the highly saline Yuma Valley drainage to the Wellton-Mohawk Bypass Drain or to 
31 the Colorado River.  It was agreed that the variable-speed pump would be operated 
32 throughout each year and that no more than 8,000 af of drainage water would be diverted 
33 over a four-month period (as prescribed by Mexico) within each year to reduce salinity 
34 levels delivered to Mexico at the SIB to approximately 1,200 ppm.  A firm commitment 

on the salinity level to be achieved was not made because of the variability in conditions 
36 occurring at the SIB. 
37 
38 Storage in Lake Mead and Delivery to Tijuana, Mexico 
39 In 1972, Reclamation, the USIBWC, Mexico, and several California water agencies 

entered into an agreement entitled “Agreement for Temporary Emergency Delivery of a 
41 Portion of the 1944 Treaty Waters of the Colorado River to the International Boundary in 
42 the Vicinity of Tijuana, Baja California, Mexico, and for the Operation of Facilities in the 
43 United States.”  The California water agencies that are signatories to this agreement 
44 include:  Metropolitan, the San Diego County Water Authority (SDCWA), and the Otay 

Water District (Otay).   
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1 Pursuant to this agreement, the California water agencies agreed to convey and deliver 
2 through their respective water conveyance systems, a portion of Mexico’s water 
3 entitlement from the Colorado River to the City of Tijuana and its surrounding area.  This 
4 emergency delivery of Colorado River water to the City of Tijuana constitutes a change 

in point of delivery and diversion of a portion of Mexico’s 1944 Water Treaty waters 
6 from the NIB to Lake Havasu. 

7 The subject water is diverted by Metropolitan through its Colorado River Aqueduct at 
8 Lake Havasu.  Pursuant to the terms and conditions of this agreement, Metropolitan and 
9 the other water districts act solely as an agent of the United States for the purpose of 

providing a portion of the 1944 Water Treaty deliveries to the City of Tijuana and do not 
11 create an entitlement to Colorado River water for any party to the contract.  The water 
12 diverted for this purpose is not consumptively used by the districts.  The water is 
13 conveyed to the City of Tijuana through the conveyance systems of Metropolitan, 
14 SDCWA, and Otay.  The Tijuana State Public Services Commission pays all financial 

costs incurred in making these deliveries.  The emergency deliveries are made in the 
16 interest of international comity to strengthen the bonds of friendship between the United 
17 States, Mexico, and the City of Tijuana. The emergency deliveries are necessary for the 
18 health and welfare of the people of the City of Tijuana and help to reduce the threat of 
19 epidemic diseases that might result from water shortages. 

Under the agreement for temporary emergency deliveries, the maximum monthly volume 
21 of emergency deliveries for the City of Tijuana at the service connection between Mexico 
22 and Otay is approximately 1,200 af per month and 14,400 afy.  To make emergency 
23 deliveries more reliable, the contract provides Metropolitan flexibility in scheduling its 
24 diversions of Colorado River water.  Metropolitan is permitted to divert additional water 

at its point of diversion from the Colorado River, over and above its entitlement amount, 
26 in the amount equal to the quantities of water diverted for the emergency deliveries to the 
27 City of Tijuana.  The additional water that Metropolitan is permitted to divert is limited to 
28 the estimated requirement for the succeeding calendar year (or an additional 14,400 af).  
29 This flexibility will maximize the use of available storage capacity during the term of this 

contract by allowing the diverted excess water to be stored in reservoirs within 
31 Metropolitan’s service boundaries for delivery in a future year.  In any specific time 
32 period, this storage may result in slightly greater diversions from Lake Havasu than 
33 otherwise would occur.   

34 While the contract for emergency delivery to Tijuana is in effect, Reclamation will not 
charge the water stored in Metropolitan’s system against Metropolitan’s own right to 

36 delivery of Colorado River water but will charge it against Mexico’s 1944 Water Treaty 
37 water in the year the emergency deliveries are made to Tijuana.  If Metropolitan has any 
38 water in storage that had been intended for future delivery to Mexico pursuant to the 
39 contract for emergency delivery to the City of Tijuana when the contract terminates, that 

amount of water will be accounted for as part of the delivery of Metropolitan’s Colorado 
41 River entitlement for the next succeeding calendar year. 

42 Reservoir Operations 
43 As noted previously, Reclamation owns and operates storage facilities located below 
44 Parker Dam that are used in the regulation of river flows and that also provide other 

benefits such as flood control protection, navigation, recreation, and power production.  
46 A description of the operation of these reservoirs follows. 
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1 Senator Wash Dam and Reservoir 
2 Senator Wash Dam and Regulating Reservoir is located 20 miles northeast of the city of 
3 Yuma, Arizona, on the California side of the Colorado River approximately two miles 
4 upstream from Imperial Dam.  This strategic off-stream water storage reservoir was 

constructed by Reclamation to facilitate water scheduling and to help in balancing the 
6 river flows and supply with demands.  This is achieved by storing part of the Colorado 
7 River flow when excess flows are available above Imperial Dam and releasing the water 
8 in storage back to the river for downstream use when needed.   

9 Senator Wash Reservoir was designed to have a water surface area of about 470 acres at a 
maximum operating elevation of 251 feet msl.  At this water surface elevation, the design 

11 storage capacity is approximately 13,840 af.  The reservoir has inactive (dead) storage 
12 below elevation 210 feet msl which has an estimated capacity of about 1,577 af.  The 
13 design active storage is located between elevations 210 feet msl and 251 feet msl and is 
14 estimated to be about 12,259 af. 

Current operational restrictions limit the use of the full storage capacity available at 
16 Senator Wash Reservoir.  The operational restriction of Senator Wash Reservoir is 
17 associated with Safety of Dams concerns.  Previous structural evaluation, studies of the 
18 dam, and related facilities have shown evidence of potential piping through and around 
19 the foundation of the dam (transportation of dam embankment foundation material 

caused by seepage that could lead to failure of the dam or dikes).  There is a potential for 
21 failure of the foundation or embankment which could result from liquefaction during an 
22 earthquake.  The maximum operating water surface elevation of Senator Wash Reservoir 
23 was previously restricted to 235 feet msl with temporary incursions up to 240 feet msl.  
24 However, with the recent installation of a geomembrane liner along the bottom of a 

portion of the reservoir, the maximum unrestricted operating water surface elevation has 
26 been raised to 240 feet msl. 

27 Reclamation is currently undertaking additional studies and evaluations of the dikes and 
28 dam of Senator Wash Reservoir to determine what corrective actions are needed to 
29 restore the full design operating storage capacity of the reservoir.  The current plan is to 

complete whatever corrective actions are recommended within the next 15 years in order 
31 to restore the full use of this critical water storage facility. 

32 Imperial Dam and Reservoir 
33 The Imperial Dam, the reservoir that forms behind Imperial Dam and the Desilting 
34 Works are situated on the Colorado River some 18 miles northeast of Yuma, Arizona.  

The purpose of the dam is to raise the water surface of the river flows by approximately 
36 25 feet msl to provide controlled gravity flow of water into the All-American and Gila 
37 Gravity Main Canals.  The All-American Canal system diverts water from the California 
38 side of Imperial Dam and serves IID, CVWD, the Yuma Project in Arizona and 
39 California, and the City of Yuma.  The Gila Gravity Main Canal system diverts water 

from the Arizona side of Imperial Dam and serves the north and south Gila Valley, Yuma 
41 Mesa, and Wellton-Mohawk area.  Imperial Dam is also used to regulate deliveries to 
42 Mexico.  The All-American Canal Desilting Works remove most of the sediment carried 
43 by the Colorado River prior to the water entering the All-American Canal. 

44 The flows arriving at Imperial Dam normally range from a high of about 14,400 cfs 
(usually occurring in late spring to summer) to a low of about 2,500 cfs.  The low flow 
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1 period usually occurring after heavy rainfall occurs in the area below Imperial Dam 
2 (usually November, December, and January).  During these wet weather periods, the rain 
3 saturates the farm fields, and the farmers and respective water agencies adjust or cancel 
4 their water delivery orders.  Mexico's water order is required to be delivered regardless of 
5 wet weather or excess rainfall conditions. 

6 The reservoir created by Imperial Dam initially had a capacity of 83,000 af.  This storage 
7 capacity was not considered a project feature and, as anticipated, the reservoir quickly 
8 filled with sediment.  The reservoir capacity is now considered to be approximately 
9 1,000 af and intermittent dredging is required to maintain the required diversion capacity 

10 at the All-American Canal and Gila Gravity Main Canal Headworks. 

11 The normal operating range for the Imperial Reservoir is between 180 feet msl and 
12 180.85 feet msl.  However, if the amount of water arriving at Imperial Dam is less than 
13 the demands, and pulling water out of Senator Wash cannot keep the water surface 
14 elevation of Imperial Reservoir from continuing to fall, diversions at elevations below 
15 elevation 180.0 feet msl can be made to the All-American Canal or the Gila Gravity Main 
16 Canal.  Under certain conditions, it may be possible to draw down Imperial Reservoir 
17 elevations as low as 178.5 feet msl. 

18 Laguna Dam and Reservoir 
19 Laguna Dam is located on the Colorado River some 13 miles northeast of Yuma, 
20 Arizona, and about five miles downstream from Imperial Dam.  The original purpose of 
21 this dam was to divert Colorado River water to the Yuma Project area.  Laguna Dam now 
22 serves as a regulating structure for Colorado River water, for regulating sluicing flows 
23 from Imperial Dam, and for downstream toe protection for Imperial Dam.  The reservoir 
24 created by Laguna Dam is commonly referred to as Laguna Reservoir.   

25 Water can be stored in Laguna Reservoir between water surface elevations 142 feet msl 
26 to 151.3 feet msl.  The top of the overflow weir at Laguna Dam is at 151.3 feet msl.  A 
27 small amount of additional storage can be obtained by forcing water into surcharge above 
28 the weir.  The current estimate of the available storage capacity at Laguna Reservoir, 
29 between elevation 142 feet msl and 151.3 feet msl, is about 400 af. 

30 The flows that occur below Imperial Dam and that flow into the Colorado River channel 
31 and Laguna Reservoir typically range from about 250 cfs to 350 cfs and comprise 
32 principally of return flows from the All-American desilting basins and gate leakage from 
33 the California sluiceway gates at Imperial Dam.  Occasionally, sluicing flows are released 
34 to remove sediment accumulated from the desilting basins in the sluiceway channel.  
35 These flows occur two to three times per month, may range from 8,000 cfs to 12,000 cfs, 
36 and the duration may be up to 20 minutes.  These flows carry the sediment to the Laguna 
37 Desilting Basin located about two miles downstream from Imperial Dam. 

38 Flow releases from Laguna Dam typically range between 300 and 500 cfs.  Occasionally, 
39 flows up to 4,000 cfs or higher may occur coincident with or following heavy rainfall. 
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1 Parker Dam and Lake Havasu 

2 Parker Dam’s primary purpose is to provide reservoir storage (Lake Havasu) from  which 
3 water can be pumped into the Colorado River Aqueduct and Central Arizona Project 
4 Aqueduct.  Other benefits provided by  Parker Dam  and Lake Havasu include flood 
5 control protection, releases for beneficial uses downstream, navigation, recreation, and 
6 power production.  Lake Havasu is the southernmost major reservoir on the Lower 
7 Colorado River and it is also used to re-regulate water releases from  Hoover and Davis 
8 Dams that are made to generate power at those facilities. 

9 Reclamation collects water orders from  Mexico, the All-American Canal users, the Gila 
10 Gravity Main Canal users, North Gila Canal users, various Indian Tribes, Palo Verde 
11 Irrigation District (PVID), etc.  This data is compiled and sent to the BCOO River 
12 Operations Group office in Boulder City, Nevada.  The BCOO River Operations Group 
13 schedulers profile hourly releases using the electric service customer's  energy load 
14 profiles. 

15 Daily releases from Parker Dam are scheduled to ensure that a specified amount of water 
16 is released to meet downstream  water orders.  The hourly release schedule for the dam is 
17 then structured to coordinate the maximum  release through the power plant at the time of 
18 the peak usage of electricity; to the extent such release is compatible with the timing of 
19 the water deliveries and other constraints. 

20 The water released from Parker Dam has a three-day  travel time to Imperial Dam, a 
21 major diversion point for irrigation.  Elevated water releases on Saturday and Sunday,  
22 when power is in less demand and revenue is less, will arrive at Imperial Dam on  
23 Tuesday  and Wednesday, workdays  for the growers.  Conversely, low releases on  
24 Wednesday and Thursday (when power has a higher “weekday” value) will arrive at 
25 Imperial Dam on Saturday  and Sunday, not typically workdays for the growers.  These 
26 profiles are coordinated with Western’s power schedulers in Phoenix, Arizona, and the 
27 control room  operators located at Hoover Dam.  

28 There are very minimal moment-to-moment dynamic fluctuations of the generating units.  
29 If there are changes to hourly flows, the schedule change usually begins ten minutes to 
30 the hour and is fully implemented ten minutes after the hour.  These flow changes are 
31 computer controlled and the changes to the unit releases are programmed well in 
32 advance. 

33 Table J-5 provides an example of an hourly  projected release schedule used by the dam  
34 operators to schedule Parker Dam  water releases and power generation.  The table 
35 reflects the May 22, 2001 conditions.  Each day, the current day's schedule is revised and 
36 the next day's schedule is set by BCOO River Operations Group schedulers to meet the 
37 daily required downstream  water release. 
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Table J-5.  Manual Scheduling Unit of the Parker Water Schedule (Today)—Calculated and Actual Power 
Generated for May 22, 2001 

Average  Generation Generation 
Calculated  Scheduled Actual 

Hour P1 P2 P3 P4 Forebay Tailbay Head Flow MWH   MWH 
1 3 0 72 0 447.6 368.5 79.11 5.11 27 26 
2 0 0 72 0 447.6 367.1 80.53 4.81 27 26 
3 0 0 72 0 447.6 366.3 81.36 4.80 27 26 
4 0 0 72 0 447.7 366.1 81.55 4.81 27 26 
5 0 0 72 0 447.7 366.1 81.63 4.80 27 26 
6 35 2 72 0 447.7 366.1 81.61 6.54 33 35 
7 72 72 72 4 447.7 367.2 80.50 13.51 78 78 
8 72 73 72 73 447.8 369.3 78.47 18.44 102 100 
9 72 72 72 72 447.8 371.0 76.85 18.46 103 99 

10 72 72 72 73 447.8 371.4 76.41 18.52 103 99 
11 72 71 72 72 447.8 371.5 76.29 18.36 103 98 
12 71 71 71 71 447.8 371.5 76.29 18.22 103 97 
13 71 71 71 71 447.8 371.5 76.29 18.23 103 97 
14 71 71 71 71 447.7 371.5 76.27 18.24 103 97 
15 72 72 72 72 447.7 371.8 75.93 18.20 103 0 
16 72 72 72 72 447.7 371.8 75.95 18.20 103 0 
17 72 72 72 72 447.7 371.8 75.95 18.20 103 0 
18 72 72 72 72 447.7 371.8 75.95 18.20 103 0 
19 72 72 72 72 447.7 371.8 75.95 18.20 103 0 
20 72 72 72 72 447.7 371.8 75.95 18.20 103 0 
21 72 72 72 0 447.7 370.3 77.39 13.95 79 0 
22 72 72 72 0 447.7 370.4 77.32 13.94 79 0 
23 72 0 72 0 447.7 368.6 79.16 9.46 54 0 
24 -1 0 72 0 447.7 366.2 81.56 4.84 27 0 

Average Release Total 13.51   1886  
 Scheduled Average Release  13.50  

 Schedule Error -0.01  
 Scheduling Terminology: 

 Gate position of =   % of Gate Opened 
P1  =  Parker Generator # 1 
P2  =  Parker Generator # 2 
P3  =  Parker Generator # 3 
P4  =  Parker Generator # 4 
Forebay (feet) =  Elevation of the lake formed by the Dam measured in feet msl 
Tailbay (feet) =     The elevation of the released water level from the Dam measured in feet msl 
Head (feet) =    The difference between Forebay and Tailbay 
Average Calculated Flow =     Calculated flow thru the generating units with the given gate positions for the hour 

 Generation Actual =  Actual generation for the hour in megawatts per hour (MWH) 
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1 Davis Dam and Lake Mohave 

2 Davis Dam’s primary purpose is to re-regulate Hoover Dam releases and aide in the 
3 delivery of water supplies to downstream  U.S. entitlement holders and to Mexico.  Other 
4 benefits provided by Davis Dam  and Lake Mohave include flood control protection, 
5 navigation, recreation, and power production.    

6 Water schedulers collect and compile water delivery  orders from CAP, Metropolitan, and 
7 other Colorado River entitlement holders that divert water between Davis Dam  and 
8 Parker Dam.   The hourly release schedule for the Davis Dam is then integrated with the 
9 Parker Dam  scheduled water releases and other objectives to coordinate the maximum 

10 release through the power facilities at the time  of the peak usage of electricity; to the 
11 extent such release is compatible with the timing of the water deliveries and other 
12 constraints.   

13 The maximum instantaneous release for Davis Dam is 28,000 cfs and the minimum  
14 instantaneous release that can be expected under other than normal operating conditions 
15 is about 1,000 cfs.  The minimum  amount represents approximately one half of  the 
16 release needed to turn one of the Davis Dam  Power Plant’s turbines.  Such low flows are 
17 usually associated with downstream flooding, construction, search and rescue, or other 
18 emergency conditions.  

19 The Davis Dam generating units are capable of providing moment-to-moment dynamic 
20 control.  However, there is minimal use of this dynamic capability.  If there are changes 
21 to hourly flows, the schedule change usually begins ten minutes to the hour and is fully  
22 implemented ten minutes after the hour.  These flow changes are computer controlled and 
23 the changes to the unit releases are programmed well in advance. 

24 The minimum  water surface elevation of Lake Mohave without resetting the intake stops 
25 is at about elevation 630 feet msl.  The maximum  elevation is 646.5 feet msl, where wave 
26 action begins to leak into the Dam’s inspection gallery.  The daily releases are 
27 coordinated such that the end of month target water surface elevations are achieved (see 
28 Section J.4.3.3). 

29 The razorback sucker backcove rearing program that began in 1994 can also limit the 
30 drawdown to no more than two feet in a ten-day  period during the razorback sucker 
31 spawning season (see Figure J-4).  Further, the program  also requires that the Lake 
32 Mohave water surface elevation be maintained above elevation 640 feet msl between the 
33 period between March 15 and June 15 to provide sufficient depth for the backcove 
34 rearing areas.  These limitations require closer coordination of Lake Mohave with that of 
35 Lake Havasu as well as adjustment to the Hoover Dam hourly water release and energy 
36 production schedules.  The operators take all these factors into account in the 
37 management of the Lake Mohave daily water surface levels. 

38 Hoover Dam and Lake Mead 

39 Hoover Dam’s authorized purposes are first; river regulation, improvement of navigation, 
40 and flood control; second, delivery of stored water for irrigation and other domestic uses; 
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1 and third, power generation.  However, unlike Davis and Parker Dams, the water releases 
2 from  Hoover Dam  are not restricted to a specified daily release.  Prior to the first day  of 
3 the month, a monthly energy target is determined based on the monthly water release 
4 requirements.  The monthly power generation schedule is sent to Western, where it is 
5 converted into an estimated weekly  power generation schedule.  As the month progresses, 
6 the energy target can be adjusted in coordination with Western.   

7 The Hoover Dam hydroelectric power generators are operated using Automatic 
8 Generation Control (AGC).  This control system automates the water releases from  
9 Hoover Dam  in a manner that follows the power system’s actual dynamic demands on a 

10 moment-to-moment (four-second interval) basis.  The purposed of the AGC system  and 
11 this manner of operation is to optimize the energy  production consistent with the monthly  
12 water release schedules and not daily water release schedules such as at Davis and Parker 
13 Dams.  To the degree that storage capacity is available, Lake Mohave is used to store 
14 flows released from Hoover Dam for power generation purposes until water is required to 
15 be released to meet scheduled water deliveries to downstream  water users in the United 
16 States and Mexico.  This is possible because of the close proximity of Lake Mohave to 
17 Hoover Dam  and the storage capacity usually available at Lake Mohave.   

18 The Western Electricity Coordinating Council (WECC) operates according to national 
19 standards established by  the North American Electric Reliability Council for power 
20 system operation.  Reclamation and Western are fully  participatory members of the 
21 WECC and follow the mandatory industry standards. 

22 The daily water releases from Hoover Dam that are made to meet downstream  water 
23 demands can range between 800 cfs to 25,400 cfs.  The minimum water release values 
24 typically coincide with high flood events on the Bill Williams and/or Gila rivers. 

25 The operating water level of Lake Mead does not fluctuate by a significant amount on a 
26 daily basis due to the large storage capacity of Lake Mead.  Further, the Lake Mead water 
27 surface elevations are not operated on a monthly target water surface elevation, like 
28 Lakes Mohave and Havasu.  Instead, Reclamation has the ability to  use the full active 
29 storage capacity of Lake Mead to regulate river flows and manage the water supplies and 
30 downstream  water demands.  The Lake Mead active storage capacity is situated between 
31 water surface elevations 895 feet msl (top of dead storage) and 1,221 feet msl (top of 
32 raised spillway gates).  However, under the flood control operations, the maximum  water 
33 surface elevation can be raised to 1,229 feet msl (maximum pool elevation).  Flood 
34 control operating criteria define Lake Mead’s uppermost 1.5 maf of storage capacity, 
35 between elevations 1,219.6 and 1,229 feet msl, as exclusively for flood control.   

36 Figure J-9 provides an example of the dynamic energy changes that occur within a day.   
37 The actual flow releases follow these patterns.  However, it needs to be noted that even 
38 though the figure shows power generation approaching zero production at different times 
39 of the day, this does not mean that the water releases from Hoover Dam are also reduced 
40 to zero.  On any give day throughout the  year, the typical minimum  water releases from  
41 Hoover Dam  on daily  basis can range between 1,000 cfs to 2,000 cfs.   
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1 Figure J-9 
2 Typical Dynamic Power Generation at Hoover Dam (230 kV bus) 
3 (Measured September 20, 1999) 
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5 J.5 Historical LCR Operating Conditions 
6 The overview of historical LCR operating conditions presented in this section is based on 
7 normal (non-flood control) years between 1980 and 2001.  During flood control operating 
8 conditions, the operation of the reservoirs and river system is governed by the flood 
9 control operating criteria as discussed in Section J.4.3.2.  The flood control operating 

10 criteria are not expected to change as a result of the actions being considered.  Therefore, 
11 this appendix strictly focuses on the normal operating conditions that may be affected by 
12 the actions being considered and described in the LCR MSCP BA. 

13 The normal and flood control years for the historical period considered in this section are 
14 presented in Table J-6. 

15 
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1 Table J-6.  Normal Flow and Flood Control Years 

Year  Normal  Flood Control 
  1980  X 
  1981  X 

1982   X  
  1983  X 
  1984  X 

1985   X  
  1986  X 
  1987  X 
  1988  X 

1989   X  
1990   X  
1991   X  
1992   X  
1993   X  
1994   X  
1995   X  
1996   X  

  1997  X 
  1998  X 
  1999  X 

2000   X  
2001   X  
2002   X  
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2 

3 It is important that the reader become familiar with the terminology used in this section to 
4 describe flow, releases, river stage, and reservoir water surface elevations, at a specific 
5 point in time or over a prescribed period. 

6 A list of the key terminology and respective definitions follows: 

Term Definition 

Instantaneous Value at a particular instant in time. 

Mean Hourly Average of many instantaneous values for a particular one-hour period. 

Mean Daily  Average of the 24-hourly values, or the average of the instantaneous 
values that occur over a 24-hour period. 

Mean Monthly Average of the daily values that occur for a particular month. 

Mean Annual  Average of the 12 monthly values that occur for a particular year. 

Hourly Value The instantaneous value that is recorded at the top of the hour.  

Midnight Value The instantaneous value that is recorded at midnight of a particular day. 
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Term Definition 

End of Month  The instantaneous value that is recorded at midnight 
particular month. 

of the last day of a 

End of Year  The instantaneous value that is recorded at midnight of the last day of a 

1 
particular year. 

 

2 J.5.1 Historical Hoover Dam/Lake Mead 
3 Operations 
4 Figure J-10 shows the mean daily releases for Hoover Dam for all years, 1980 through 
5 2001.  The maximum non-flood year mean daily release is shown to be 25,400 cfs during 
6 March 1994 and is a result of the Hoover turbine uprating in 1993 making higher releases 
7 possible.  The increase in daily release due to the uprating of the turbines appears to have 
8 increased the maximum mean daily release by about 3,000 cfs.  The minimum mean daily 
9 release of 800 cfs occurred during January 1993 and coincided with the high flow events 

10 on the Bill Williams River and Gila River and reflect Reclamation’s efforts to manage the 
11 flood flows. 

12 Figure J-10 
13 Historical Hoover Dam Releases 
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1 Figure J-11 shows the ranking of the 4,745 non-flood control year mean daily releases 
2 (365 days times 13 years) that were presented in Figure J-10.  For example, 40 percent of 
3 the daily releases were less than 12,000 cfs. 

 

 
 

 
 

 

 

4 Figure J-11 
5 Hoover Daily Flow Duration 
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1 Figure J-12 shows the average, maximum,  and minimum mean daily Hoover Dam  
2 releases in each month for the 13 non-flood control years.  For example, January average 
3 daily release is 7,500 cfs.  The maximum  mean daily release is 15,500 cfs and the 
4 minimum is 800 cfs.  A visual inspection of the average values shows how releases 
5 change during the year to meet downstream demands.  Also noted is the highest possible 
6 instantaneous power release for Hoover Dam of 49,000 cfs.  The minimum instantaneous 
7 release that can be expected under other than normal operating conditions is about 
8 500 cfs or equal to the release for one of the seventeen power plant turbines.  Such low 
9 release conditions are associated with downstream flooding, construction, search and 

10 rescue, or for other emergency conditions. 
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Figure J-12 
Hoover Daily Mean Release Range 
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1 Figure J-13 shows Lake Mead midnight elevations for years 1980 through 2001.  The 
2 period between years 1989 to 1991 show how the Lake Mead water levels decline when 
3 minimum objective releases from Glen Canyon Dam  are made and the demands in Lower 
4 Basin are high, due to low rainfall conditions.  Conversely, the Lake Mead water levels 
5 increased in 1993 when flooding occurred from  the Gila River and Lake Mead releases 
6 were curtailed to prevent further damage.  In addition, during 1993, the Lower Basin 
7 water demands were generally lower than normal as a result of the heavy rainfall, and this 
8 helped to keep more water in storage at Lake Mead. 
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Figure J-13 
Lake Mead Daily Pool Elevation 
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12 In 1995, there was again an increase in Lake Mead water surface elevations that resulted 
13 from  additional flows from the Gila River and equalization releases from Glen Canyon 
14 Dam.  The annual volume of water released from Glen Canyon Dam is made according to  
15 the provisions of the Long Range Operating Criteria (LROC).  Under these provisions, 
16 annual releases from Lake Powell greater than the minimum occur if Upper Basin storage 
17 is greater than the storage required by section 602(a) of the Colorado River Basin Project 
18 Act, and if the storage in Lake Powell is greater than the storage in Lake Mead, or in the 
19 case of spill avoidance. 

20 
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1 Figure J-14 shows the average, minimum,  and maximum monthly Lake Mead midnight 
2 elevations for the non-flood control years between 1980 and 2001.  These are the water 
3 surface elevations that are recorded at midnight of the last day of the month.  Over this 
4 period, the highest monthly average occurred in March and the lowest monthly average 
5 occurred in August. 

 

 

6 Figure J-14 
7 Lake Mead Daily Elevation Range 
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1 Figure J-15 provides information on the monthly change in Lake Mead water surface 
2 elevations.  The largest monthly elevation increase generally  occurs in January and 
3 averages about +2.5 feet msl.  The largest elevation monthly decrease generally occurs in 
4 May and averages about –2.5 feet msl. 

 

 

 

5 
6 

8 

7 

6 

5 

4 

3 

2 

1 

0 

-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

7 

8 

9 

M
on

th
ly

 P
oo

l E
le

va
tio

n 
C

ha
ng

e,
 F

ee
t 

Figure J-15 
Lake Mead Monthly Pool Elevation Change 
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1 The typical hourly release patterns from Hoover Dam within a day  also vary  by season 
2 due to varying energy demands during each season.  Figure J-16 shows the Hoover Dam  
3 typical hourly release pattern for a representative day in each of the four seasons.  Hoover 
4 Dam’s water releases fluctuate more than do the releases from Davis and Parker Dams 
5 because it is used to respond to the rapid power system fluctuations. 

 
  

 

   

 

6 Figures J-16 
7 Hoover Dam Hourly Releases for Typical Seasonal Flow Release Patterns 
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1 J.5.2 Historical Davis Dam/Lake Mohave 
2 Operations 
3 Figure J-17 shows the mean daily releases for Davis Dam for the period between 1980 
4 through 2001.  The maximum non-flood year  mean daily release is shown to be 
5 22,000 cfs during April 1989 and resulted from high downstream  water demands.  The 
6 minimum  mean daily release of 1,600 cfs occurred during January  and February  of 1993 
7 and reflects Reclamation’s actions to manage the high flows on the Bill Williams River 
8 and Gila River. 

 
 

 

9 Figure J-17 
10 Davis Dam Daily Release 
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1 Figure J-18 presents the ranking of the 4,745 (365 days per year times 13 years) mean 
2 daily releases for the non-flood control years.  For example, the ranking of the values 
3 indicate that approximately 40 percent of the mean daily releases are less than 11,000 cfs. 

4 Figure J-18 
5 Davis Dam Mean Daily Flow Release 
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1 Figure J-19 presents the average, minimum, and maximum mean daily Davis Dam  
2 releases for the 13 non-flood control years.  A visual inspection of the averages shows 
3 how flow releases change during the year to meet the downstream  water demands.  Also 
4 noted is the maximum instantaneous release for Davis Dam of 28,000 cfs.  The minimum  
5 instantaneous release that can be expected under other than normal operating conditions 
6 is about 1000 cfs.  This amount represents approximately  one-half of the release needed 
7 to turn one of the Davis Dam Power Plant’s turbines.  Such low flows are usually 
8 associated with downstream flooding, construction, search and rescue, or other 
9 emergency conditions. 
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Figure J-19 
Davis Daily Mean Release Range 
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1 Figure J-20 shows the Lake Mohave daily water surface elevations.  These elevations 
2 comprise the elevations recorded at midnight of each day during the period.  The data 
3 shows that Lake Mohave generally reaches its  maximum elevation in the spring and its 
4 minimum elevation in the fall.  Reclamation generally  lowers the lake level in the fall to 
5 provide flood control storage space for runoff that results from large storms coming up 
6 river from Baja California, Mexico.  The actual water surface elevations will sometimes 
7 differ from the target elevations (Figure J-4) with the regulation of Hoover Dam  releases 
8 and the balancing of arriving flows with downstream  water demands. 

 

 

 

 

 

 

 

 

     

 

 

9 Figure J-20 
10 Lake Mohave Daily Elevation 
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1 Figure J-21 shows the average, maximum,  and minimum monthly water surface 
2 elevations of Lake Mohave (elevations measured at midnight on last day of month) for 
3 the non-flood control years.  The maximum average occurs in February and the minimum  
4 average occurs in October/November.  Also noted on Figure J-21 are the operational 
5 minimum and maximum elevations. 
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Figure J-21 

Lake Mohave Daily Pool Elevation Range 
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1 Figure J-22 provides information on the monthly change in Lake Mohave water surface 
2 elevations.  This figure shows that the highest monthly average water level change 
3 generally occurs during the month of December  and the lowest generally occur during the 
4 month of September. 
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Figure J-22 
Lake Mohave Monthly Elevation Change 
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1 The Davis Dam typical hourly release patterns within a day also vary by season due to 
2 varying energy demands during each season.  Figure J-23 shows the Davis Dam typical 
3 hourly release pattern, for a representative day in each of the four seasons. 

 
 

  

  

 

4 Figure J-23 
5 Davis Dam Hourly Releases for Typical Seasonal Flow Release Patterns 
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1 J.5.3 Historical Parker Dam/Lake Havasu 
2 Operations 
3 Figure J-24 presents the mean daily releases for Parker Dam for the period between 1980 
4 through 2001.  The maximum non-flood year  mean daily release is 16,800 cfs and 
5 occurred during April 1989.  The minimum mean daily release is 30 cfs and occurred 
6 during January 1995.  During this time, the releases were reduced to these levels to 
7 enable the Bureau of Indian Affairs to drain Lake Moovalya (the reservoir impounded by 
8 Headgate Rock Dam, downstream of Parker Dam)  and perform  maintenance of the 
9 Colorado River Indian Tribes diversion canal.  Lake Moovalya and Headgate Rock Dam  

10 are operated by the BIA and these types of maintenance activities are closely coordinated 
11 with Reclamation (see Section 2.5.3.5 of the LCR MSCP BA). 

 
 

 

 

 

 

 

 

 

 

 

 

 

     

 

 

12 Figure J-24 
13 Parker Dam Mean Daily Releases 
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1 Figure J-25 presents the ranking of the mean daily releases for the non-flood control 
2 years.  For example, 40 percent of the daily releases were less than 8,200 cfs. 
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3 Figure J-25 
4 Parker Daily Flow Duration 
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1 Figure J-26 shows the average, maximum,  and minimum mean daily Parker release in 
2 each month within the 13 non-flood control years.  The maximum  January release is  
3 approximately 11,500 cfs and the minimum is 30 cfs. 
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Figure J-26 
Parker Daily Mean Release Range 
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7 The figure provides a good visual of how the mean daily releases, and corresponding 
8 water demands, change from  month to month.  The maximum instantaneous releases for 
9 Parker Dam have historically been kept below the dam’s maximum 19,000 cfs normal 

10 release rating.  As previously noted, the minimum instantaneous release that has been 
11 recorded is about 30 cfs. 

12 
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1 Figure J-27 presents the historical Lake Havasu daily  water surface elevations for the 
2 period between 1980 through 2001.  These elevations comprise the elevations recorded at 
3 midnight of each day  during the period.  The data shows that Lake Havasu generally  
4 reaches its maximum elevation in the spring and its minimum elevation in the winter.  
5 Reclamation generally lowers the lake level during the winter months to provide flood 
6 control storage space for runoff that results from large storms coming up river from Baja 
7 California, Mexico.  The actual water surface elevations will sometimes differ from the 
8 target elevations (Figure J-5) with the regulation of Hoover Dam and Parker Dam  
9 releases and the balancing of arriving flows with downstream water demands. 

 

 

10 Figure J-27 
11 Lake Havasu Daily Elevation 
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1 Figure J-28 presents the average, maximum, and minimum monthly water surface 
2 elevations of Lake Havasu (elevations measured at midnight on last day of month) for the 
3 non-flood control years.  The maximum  average of approximately 448.7 feet msl occurs 
4 in May and the minimum average of about 446.0 feet msl occurs in February.  The 
5 minimum target elevation for marina operators is 445.8 feet msl.  Reclamation attempts 
6 to accommodate this minimum target elevation when other higher priority  uses are not 
7 compromised.  The maximum Lake Havasu water surface elevation is 450.5 feet msl 
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1 Figure J-29 provides information on the monthly change in Lake Havasu water surface 
2 elevations.  The largest average monthly  elevation increase occurs in April and averaged 
3 about +1.3 feet msl.  The largest average monthly elevation decrease occurs in June and 
4 averages about –0.7 feet msl. 

 

 

5 Figure J-29 
6 Lake Havasu Monthly Elevation Change 
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1 The typical Parker Dam hourly release patterns within a day also vary  by season due 
2 primarily to varying energy demands during each season.  Figure J-30 shows the 
3 Parker Dam typical hourly  release pattern for a representative day in each of the four 
4 seasons.  The curves show a slightly flatter water release pattern for Parker Dam,  as 
5 compared to that of Hoover and Davis Dams, due to the water delivery requirements 
6 below Parker Dam.  

 
 

 

 

  

7 Figures J-30 
8 Parker Dam Hourly Releases for Typical Seasonal Flow Release Patterns 
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11 J.6 Evaluation of the Hydrologic Impacts of Future 
12 Flow-Related Actions 
13 This section evaluates the potential impacts to the LCR system that may result from  
14 ongoing and future flow-related actions.  As discussed in Section J.4, the LCR system is 
15 operated to maintain specified elevations for Lake Mohave and Lake Havasu for each 
16 month of the year.  Consequently, the water levels of those lakes would not be affected 
17 by the future flow-related actions.  The reservoir analysis presented in this section is, 
18 therefore, focused on the effects of Lake Mead water levels only (Reach 1).  

19 This appendix also analyzes the potential effects of future flow-related activities on 
20 Reaches 3–5.  As discussed in the introduction (Section J.3), Reaches 2 and 6 would be 
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1 unaffected by these actions.  Potential effects on flows in Reach 7 are described in 
2 Appendix L. 

3 Several ongoing and future flow-related actions are listed below in Section J.6.1 and 
4 described in Chapter 2 of the LCR MSCP BA and Chapter 2 of the LCR MSCP HCP.  
5 For this analysis, future flow-related actions that might affect Lake Mead water levels 
6 and the Reaches 3–5 include: 

7  Specific surplus and shortage guidelines, and 

8  Changes in storage and delivery of state entitlement waters (essentially changes in 
9 the points of delivery). 

10 J.6.1 Potential Impacts to Lake Mead 
11 To determine the potential effects of the actions being considered in this evaluation, 
12 computerized hydrologic modeling of the Colorado River system was conducted.  
13 Modeling enables us to develop projections of potential future Colorado River system 
14 conditions (i.e., reservoir surface elevations, river flows, salinity, etc.), given various 
15 assumptions with regard to future actions.  Unfortunately, future system conditions are 
16 most sensitive to the future hydrologic inflows, which are highly uncertain.  This 
17 uncertainty is dealt with in two ways:  1) the model is run multiple times, using different 
18 assumptions of hydrologic inflows, allowing a probability-based analysis of the future 
19 state of the system, and 2) the modeling results are used for a relative comparison of 
20 potential future conditions under the different operating scenarios of interest.  For this 
21 analysis, two operating scenarios were analyzed:  Baseline and the Action Alternative3.  
22 These two scenarios are described in Section J.6.1.3. 

23 J.6.1.1 Overview of the Model 

24 Future reservoir conditions for each scenario (Baseline and Action Alternative) were 
25 simulated using a computerized model.  The model framework used for this process is the 
26 commercial river modeling software called RiverWare (Zagona et al. 2001).  RiverWare 
27 was developed by the University of Colorado in cooperation with Reclamation and the 
28 Tennessee Valley Authority.  RiverWare was configured to simulate the Colorado River 
29 System and its operation and integrates the Colorado River Simulation System (CRSS) 
30 model that was developed by Reclamation in the 1970s.  River operation parameters 
31 modeled by CRSS on a monthly basis include the water entering the river system, storage 
32 in system reservoirs, releases from storage, river flows, and the water demands of and 
33 deliveries to the Basin States and Mexico.  The water supply used by the model consists 
34 of the natural inflow in the river system over the 85-year period from 1906 through 1990, 
35 at 29 individual inflow points on the system. 

3 The use of the phrase “Baseline scenario” in this appendix regarding hydrologic modeling refers to the current 
operations of the LCR and should not be confused with the definition of “baseline” as used in the ESA regulations 
or CEQA.  Similarly, the use of the phrase “Action Alternative scenario” in this appendix regarding hydrologic 
modeling refers to the future operations of the LCR. 
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1 Future Colorado River water demands were based on demand and depletion projections 
2 prepared by the Basin States.  Depletions are defined as diversions from the river less 
3 return flow credits, where applicable.  Return flow credits are applied when a portion of 
4 the diverted water is returned to the river system.  In cases where there are no return flow 
5 credits associated with the diversions, the depletion is equal to the diversion.  The 
6 simulated operation of Glen Canyon Dam, Hoover Dam and other elements of the 
7 Colorado River system were consistent with the LROC, applicable requirements for 
8 storage and flood control management, water supply deliveries to contractors and federal 
9 establishments in the Basin States, Indian tribes, and Mexico, and flow regulation 

10 downstream of the system dams. 

11 J.6.1.2 Modeling Assumptions Common to Both the 
12 Baseline and Action Alternative Scenarios 

13 Modeling of the river and reservoir system requires that certain assumptions be made 
14 with regard to various aspects of the water delivery and reservoir system operation.  
15 When analyzing the relative effects of different operating scenarios, it is important to 
16 maintain continuity among all other assumptions.  The following assumptions are used 
17 for both the Baseline and Action Alternative scenarios. 

18 Upper Basin Operations 

19 The currently accepted operating rules for the Upper Basin reservoirs, including Lake 
20 Powell/Glen Canyon Dam, are used, as described in Attachment A.  The currently 
21 accepted Upper Basin States' future depletion schedules are used, as detailed in the Final 
22 Environmental Impact Statement for the Secretarial Implementation Agreement, 
23 Inadvertent Overrun and Payback Policy, and Related Federal Actions, (Bureau of 
24 Reclamation 2002).  The Upper Basin States’ future depletion schedule increases over 
25 time are based on potential projects the Upper Basin States’ have identified as projects 
26 that are likely to occur. 

27 Lake Mead Operation 

28 Lake Mead and Hoover Dam are operated in accordance with the Corps Flood Control 
29 procedures as described in Chapter 2 of the LCR MSCP BA and also in Attachment A of 
30 this appendix (see also Colorado River Basin, Hoover Dam: Review of the Flood Control 
31 Regulations, U.S. Army Corps of Engineers, July 1982).  When not in flood control, Lake 
32 Mead is operated to meet downstream requirements, including depletions for the Lower 
33 Division States, Indian tribes, and Mexico (schedules as determined by Normal, Surplus, 
34 or Shortage conditions). 
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1 Lake Mohave and Lake Havasu Operation 

2 These lakes are operated in accordance with their existing rule curves, as described in 
3 Section J.4. 

4 Water Deliveries to the Republic of Mexico 

5 Water deliveries to Mexico are made pursuant to the requirements of the 1944 Water 
6 Treaty.  The model provides minimum annual deliveries of 1.515 maf to Mexico and up 
7 to 1.7 maf when there exists a surplus of waters in excess of the amount necessary to 
8 supply users in the United States and the guaranteed quantity of 1.5 maf annually to 
9 Mexico.  For modeling purposes, the 1.7 maf is scheduled for delivery to Mexico when 

10 Lake Mead flood control or space building releases are required.  The additional 
11 15,000 af accounts for typical scheduling errors and over-deliveries. 

12 Mexico’s principal diversion is at Morelos Diversion Dam where most of its Colorado 
13 River apportionment is diverted.  In practice, up to 140,000 af is delivered to Mexico near 
14 the SIB.  Furthermore, some portion of Mexico’s total apportionment can be delivered to 
15 the City of Tijuana, Baja Mexico.  The model, however, extends to just south of the NIB 
16 to include the diversion at Morelos Diversion Dam and accounts for the entire 1944 
17 Water Treaty delivery at that point. 

18 Bypass Flows to Mexico 

19 For the modeling conducted for this evaluation, the Yuma Desalting Plant depletion node 
20 in the model was set to 120,000 acre-feet per year (afy) from 2003–2022, representing the 
21 water (bypass flows) bypassed by the U.S. to the Cienega.  For modeling purposes, this 
22 depletion is not counted as part of the deliveries to Mexico under the 1944 Water Treaty, 
23 which quantifies the provisional allotment of Colorado River water to be delivered to 
24 Mexico.  The model assumes the desalting plant will operate beginning in 2023, reducing 
25 the depletion to 52,000 afy.  This depletion is not counted as part of the deliveries under 
26 the 1944 Water Treaty.  (The United States has an obligation to replace, as appropriate, 
27 the bypass flows, and the assumptions used in the model may not represent the policy that 
28 Reclamation will adopt for replacement of bypass flows.)  The assumptions made with 
29 respect to modeling the bypass flows are intended only to provide a thorough and 
30 comprehensive accounting of Lower Basin water supply. 

31 Reservoir Starting Conditions 

32 The reservoir starting conditions (reservoirs’ initial storage and elevation) that were used 
33 in the modeling of the various future operating conditions were the actual elevations as of 
34 December 31, 2002.  These reservoir starting conditions are detailed in Attachment C.  
35 Additional information regarding reservoir starting conditions and other hydrologic 
36 information is also presented in Attachment E (which is also reproduced as Section III of 
37 Volume V). 
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1 J.6.1.3 Modeling Assumptions Specific to Each 
2 Operational Scenario 

3 To analyze the potential impacts due to specific future flow-related actions (specific 
4 surplus and shortage guidelines and changes in the storage and delivery of state 

entitlement waters), the following modeling assumptions were different between the 
6 Baseline and Action Alternative scenarios: 

7  The amount of water scheduled and delivered to individual entities in the Lower 
8 Basin (i.e., water transfers), 

9  The determination of Surplus conditions for the Lower Basin, and 

 The determination of Shortage conditions for the Lower Basin. 

11 A description of the details that are specific for each modeled scenario follows. 

12 Assumptions Specific to the Baseline Scenario 

13 Water Transfers 
14 Under the Baseline scenario, water transfers between specific entities in the Lower Basin 

were assumed at the amount and rate as described in the Final Environmental Impact 
16 Statement for the Secretarial Implementation Agreement, Inadvertent Overrun and 
17 Payback Policy, and Related Federal Actions (Bureau of Reclamation 2002). An 
18 additional transfer was assumed between PVID and Metropolitan to yield a total of 
19 111,000 afy transferred, beginning in 2003. 

Surplus Determination 
21 Under the Baseline scenario, specific Interim Surplus Guidelines (ISG) as detailed in the 
22 Record of Decision, Colorado River Interim Surplus Criteria, Final Environmental 
23 Impact Statement, are in effect through calendar year 2016 (Bureau of Reclamation 
24 2001).  Additional explanation of this action is provided in Chapter 2 of the LCR MSCP 

BA. 

26 Shortage Determination 
27 To date, there have been no shortages in the Lower Basin and there are no established 
28 shortage criteria for the operation of Lake Mead.  However, during the development of 
29 the ISG, it was necessary to include some shortage strategy in the modeling analysis to 

address concerns related to low Lake Mead water levels.  Under the Baseline scenario for 
31 this study, the shortage strategy assumed were identical to those used for the development 
32 of the Interim Surplus Criteria EIS and are described below. 

33  First Level Shortage:  The Lake Mead water level of 1,083 feet msl (the currently 
34 accepted minimum water level for effective power generation at the Hoover power 

plant) was designated as a level that should be protected.  A first level shortage is 
36 triggered when Lake Mead’s water level is below a “protection line” (or trigger 
37 elevation) at the beginning of the year.  The protection line used in this analysis was 
38 developed in the mid-1990s using operational simulations (with stochastic hydrologic 
39 input) to protect the water level from declining below elevation 1,083 feet msl with 
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1 approximately an 80 percent probability over a period of 50 years.  The protection 
2 line used in the Baseline scenario is identical to that published in the Final 
3 Environmental Impact Statement for the Interim Surplus Criteria (Bureau of 
4 Reclamation 2000) and “Final Environmental Impact Statement for the Secretarial 
5 Implementation Agreement, Inadvertent Overrun and Payback Policy, and Related 
6 Federal Actions,” (Bureau of Reclamation 2002). 

7 During first level shortage conditions, the annual water delivery to the CAP was set 
8 to 1.0 maf, and SNWA was assigned a reduction in consumptive use of four percent 
9 of the total shortage. 

10  Second Level Shortage: A second level shortage would be determined to exist 
11 when the Lake Mead water surface elevation declined to 1,000 feet msl (the 
12 minimum water level necessary for operation of SNWA’s lower water intake) 

13 During second level shortage conditions, the CAP and SNWA consumptive use 
14 would be reduced as needed to maintain the Lake Mead water level at 1000 feet msl.  
15 If the delivery to the CAP is reduced to zero and additional reduction is required to 
16 maintain Mead above 1,000 feet msl, deliveries to Metropolitan and to Mexico are 
17 also reduced.  Such reductions to Metropolitan and Mexico did not occur in the 
18 simulations conducted for the LCR MSCP BA analysis. 

19 This strategy is commonly denoted by the abbreviation “80P1083/1000”.  This 
20 shorthand notation means the following: 

21  shortage in the Lower Basin will occur to protect the Lake Mead elevation of 
22 1,083 feet msl with approximately an 80 percent level of assurance, and 

23  further shortages would be imposed to prevent Lake mead from falling below the 
24 elevation of 1,000 feet msl in any year. 

25 The model assumes that the CAP would absorb all Arizona shortages.  Reclamation 
26 acknowledges that under the current priority framework, there would be some sharing of 
27 Arizona shortage between the CAP and other Priority 4 users.  However, the bases or 
28 formula for the sharing of Arizona shortages is the subject of current negotiations and as 
29 such, could not be adequately modeled for the evaluation. 

30 Assumptions Specific to the Action Alternative Scenario 

31 Water Transfers 
32 Under the Action Alternative Scenario, water transfers that change the points of diversion 
33 were assumed at the amount and rate as described in Tables 2-14, 2-15, and 2-16 in the 
34 LCR MSCP BA4.  These transfers include the 400,000 af assumed under the Baseline 
35 scenario. 

36 To implement these transfers in the model, water demands were shifted amongst 
37 diversion points to achieve the necessary changes in the points of diversion, as described 
38 in Tables 2-14, 2-15, and 2-16.  It should be noted, however, that no destinations were 

4 As noted in footnote “k” to Table 2-16 of the LCR MSCP BA, a reassignment of water from “Other Actions” to 
“MWD Transfer” was made between the Draft and Final LCR MSCP BAs.  This reassignment would not affect 
Lake Mead storage and elevation and, therefore, the reservoir modeling was not updated. 
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1 assumed for the water transfers denoted “Reclamation Actions” in Tables 2-14, 2-15, and 
2 2-16.  Therefore, although that water was not delivered downstream, it was also not 
3 allowed to remain in Lake Mead (i.e., it was modeled as a “seepage loss” from Lake 
4 Mead so that direct comparisons of lake levels between the Baseline and Action 

Alternative scenarios could be made). 

6 Surplus Determination 
7 Under the Action Alternative Scenario, the ISG were assumed to be extended beyond 
8 2016 and remain in effect through calendar year 2051. 

9 Shortage Determination 
Under the Action Alternative Scenario, the shortage assumptions were similar to those 

11 used in the Baseline scenario, with the exception of the specific elevations to be 
12 protected.  Under a first level shortage, elevation 1,050 msl (the minimum water level 
13 necessary for operation of SNWA’s upper water intake) would be protected with an 
14 approximate 80 percent probability.  Under a second level shortage, elevation 950 feet 

msl would be protected.  This strategy is commonly abbreviated as “80P1050/950.” 

16 J.6.1.4 Period of Analysis 

17 The modeling and impact analyses for this appendix begins in year 2003 and extends 
18 through year 2051, for a total period of 49 years.  It is important to note that modeling 
19 results and the associated impact analyses become more uncertain over time as a result of 

increased uncertainty of future hydrologic inflow conditions, as well as uncertainty with 
21 regard to future operational decisions. 

22 J.6.1.5 Computational Procedures 

23 The model was used to simulate the future state of the Colorado River system on a 
24 monthly basis, in terms of reservoir levels, releases from the dams, hydroelectric energy 

generation, flows at various points along the system and diversions to and return flows 
26 from various water contractors.  The input data for the model included the monthly 
27 tributary inflows, various physical process parameters (such as the evaporation rates for 
28 each reservoir) and the diversion and depletion schedules for entities in the Basin States 
29 and Mexico.  The common and specific operating criteria were also input for each 

alternative being studied. 

31 Despite the differences in the operating criteria for the Baseline and the Action 
32 Alternative scenarios, the future state of the Colorado River system (i.e., water levels at 
33 Lake Mead and Lake Powell) is most sensitive to the future inflows.  As discussed in 
34 Section J.4.1, observations over the period of historical record (1906–present) show that 

inflow into the system has been highly variable from year to year.  Predictions of the 
36 future inflows, particularly for long-range studies, are highly uncertain.  Although the 
37 model does not predict future inflows, it can be used to analyze a range of possible future 
38 inflows and to quantify the probability of particular events (i.e., lake levels being below 
39 or above certain levels). 
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1 Several methods are available for ascertaining the range of possible future inflows.  On 
2 the Colorado River, a particular technique called the Index Sequential Method has been 
3 used since the early 1980s and involves a series of simulations, each applying a different 
4 future inflow scenario (Bureau of Reclamation 1985; Ouarda et al. 1997).  Each future 

inflow scenario is generated from the historical natural flow record by “cycling” through 
6 that record.  For example, the first simulation assumes that the inflows for 2003 through 
7 2051 will be the 1906 through 1954 record, the second simulation assumes the inflows 
8 for 2003 through 2051 will be the 1907 through 1955 record, and so on.  As the method 
9 progresses, the historical record is assumed to “wrap-around” (i.e., after the record reverts 

back to 1906), yielding a possible 85 different inflow scenarios.  The result of the Index 
11 Sequential Method is a set of 85 separate simulations (referred to as “traces”) for each 
12 operating criterion that is analyzed.  This enables an evaluation of the respective criteria 
13 over a broad range of possible future hydrologic conditions using standard statistical 
14 techniques. 

J.6.1.6 Post-Processing and Data Interpretation 
16 Procedures 

17 The various analyses discussed and presented in this appendix required the sorting and 
18 arranging of various types of model output data into tabulations or plots of specific 
19 operational conditions, or parameters, at various points on the system.  This was done 

through the use of statistical methods and other numerical analyses. 

21 The river system model generates data on a monthly time step for some 300 points (or 
22 nodes) on the river system.  Furthermore, through the use of the Indexed Sequential 
23 Method, the model generates 85 possible outcomes for each node for each month over the 
24 time period 2003 through 2051.  These very large data sets are generated for each Action 

Alternative and Baseline scenarios and can be visualized as three-dimensional data 
26 “cubes” with the axes of time, space (or node) and trace (or outcome for each future 
27 hydrology). The data are typically aggregated to reduce the volume of data and to 
28 facilitate comparing the Action Alternative to Baseline scenarios and to each other.  The 
29 type of aggregation varies depending upon the needs of the particular analysis.  The post-

processing techniques used for this appendix fall into two basic categories:  those that 
31 aggregate in time, space or both, and those that aggregate the 85 possible outcomes. 

32 For aggregation in time and space, simple techniques are employed.  For example, lake 
33 elevations may be chosen on an annual basis (i.e., end of December) to show long-term 
34 lake level trends as opposed to short-term fluctuations. 

Once the appropriate temporal and spatial aggregation is chosen, standard statistical 
36 techniques are used to analyze the 85 possible outcomes for a fixed time.  Statistics that 
37 may be generated include the mean and standard deviation.  However, the most common 
38 technique simply ranks the outcomes at each time (from highest to lowest) and uses the 
39 ranked outcomes to compute other statistics of interest.  For example, if end-of-calendar 

year Lake Mead elevations are ranked for each year, the median outcome for a given year 
41 is the elevation for which half of the values are below and half are above (the median 
42 value or the 50th percentile value).  Similarly, the elevation for which 25 percent of the 
43 values are less than or equal to in a given year, is denoted as the 25th percentile outcome.  
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1 These percentiles are often also termed “the percent of non-exceedance”.  Several 
2 presentations of the ranked data are then possible.  A graph (or table) may be produced 
3 that compares the 90th percentile, 75th percentile, 50th percentile, 25th percentile, and 10th 

4 percentile outcomes from 2003 through 2051 for the Baseline and Action Alternative. 

It should be noted that a time series based on a statistic such as the 10th percentile is not 
6 the result of any one hydrologic trace (i.e., no historical sequence seen in the past 
7 produced the 10th percentile elevations).  Rather, the 10th percentile elevation for a 
8 specific year is the elevation for which only 10 percent of the outcomes for that year 
9 yielded an elevation that was less.  As such, this type of analysis can been seen as a 

“worse case,” when describing low percentiles (or conversely a “best case” when 
11 describing high percentiles).  As a comparison, in the development of the Annual 
12 Operating Plan, three inflow scenarios for one year are typically run (the “minimum, 
13 maximum, and most probable” inflows).  Often the minimum probable scenario is the 
14 historical annual inflow that has not been exceeded 10 percent of the time (or 

equivalently described as the inflow that has been exceeded 90 percent of the time).  In 
16 this case, the minimum probable outcome is the direct result of an inflow that has been 
17 observed in the past, and therefore, probably does not represent the “worse case.”  This 
18 distinction is important when using the results of the modeling for subsequent biological 
19 and other resource impact analyses. 

J.6.1.7 General Approach Used for Determining 
21 Potential Impacts 

22 The analysis of the potential effects on specific river system components (e.g., lake 
23 levels) is based upon the results of the modeling previously described.  Following the 
24 identification of conditions important to each component (e.g., maintaining a particular 

water level), various statistical summaries can be made (e.g., the probability of exceeding 
26 the elevation of interest).  The potential effects of the Action Alternative are then 
27 presented in terms of the incremental differences in probabilities (or projected 
28 circumstances associated with a given probability) between Baseline and the Action 
29 Alternative. 

J.6.1.8 Impacts Identified from the Modeling of 
31 Future Reservoir Operations 

32 This section presents the modeling results for both the Baseline and Action Alternative 
33 scenarios.  As previously mentioned, the only reservoir analyzed was Lake Mead. 

34 This section provides a comparison of the results of the future Lake Mead water level 
simulations under Baseline and the Action Alternative.  Lake levels are presented on an 

36 annual basis using water levels at the end of December for each year, when Lake Mead 
37 water levels are typically at a seasonal high. 
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1 Baseline Scenario 

2 Under Baseline, the water surface elevation of Lake Mead is projected to fluctuate 
3 between full level and decreasingly lower levels during the period of analysis (2003– 
4 2051).  Figure J-31 illustrates the range of future water levels by five lines, labeled 90th  
5 Percentile, 75th Percentile, 50th Percentile, 25th Percentile, and 10th  Percentile.  The 50th  
6 percentile line shows the median water level for each future year and is a measure of the 
7 central tendencies of the future water levels.  The median water level under Baseline is 
8 shown to decline to 1,119 feet msl by 2015, to 1,115 feet msl by 2025, and to 1,104 feet 
9 msl by 2050.  

 11 Lake Mead End-of-December Water Elevations under Baseline— 
12 90th, 75th, 50th, 25th, and 10th Percentile Values and Representative Traces 
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 10 Figure J-31 
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14 One measure of the spread of the data, particularly in the middle range, is the inter-
15 quartile range (the difference between the 75th and 25th percentile values).  Using this 
16 measure, the spread is 39 feet msl in 2005, 114 feet msl in 2015,  131 feet msl in 2025, 
17 and 148 feet msl in 2050. 

18 Three distinct traces are added to Figure J-31 to illustrate what was actually simulated 
19 under the various traces and respective hydrologic sequences and to highlight that the 
20 percentile lines do not represent simulated hydrologic outcomes, but rather the ranking of 
21 the data from  the 85 traces for the conditions modeled.  The three traces illustrate the 
22 variability among the different traces and that the reservoir levels could, over certain 
23 periods of time, temporarily decline below the 10th  percentile line.  The trace identified as 
24 Trace 20 represents the hydrologic sequence that begins in year 1926.  The trace 
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1 identified as Trace 47 represents the hydrologic sequence that begins in year 1953.  The 
2 trace identified as Trace 77 represents the hydrologic sequence that begins in year 1983. 

3 In Figure J-31, the 75th and 25th percentile lines bracket the range where the middle 
4 50 percent of future Lake Mead water levels occur under Baseline.  The highs and lows 
5 shown on the three traces would likely be temporary  conditions.  The reservoir level 
6 would tend to fluctuate through multi-year periods of above average and below average 
7 inflows.  Neither the timing of water level variations between the highs and the lows, nor 
8 the length of time the water level would remain high or low can be predicted.  These 
9 events would depend on the future variation in LCR Basin runoff conditions. 

10 Figure J-31 also shows that median Lake Mead elevations decline throughout the period 
11 of analysis under Baseline.  This effect is due to Lower Division depletions exceeding 
12 long-term inflow into Lake Mead.  As depletions in the Upper Basin increase over time, 
13 the frequency of minimum  objective releases (8.23 mafy) from Lake Powell is increased. 

14 Comparison of Action Alternative to Baseline Scenarios 

15 Figure J-32 presents a comparison of the 90th, 75th, 50th, 25th, and 10th percentile lines 
16 obtained under Baseline to those obtained for the Action Alternative.  This figure is best 
17 used for comparing the relative differences between the general lake level trends that 
18 result from the simulation of the Baseline and Action Alternative scenarios. 

 
  

 

 

19 Figure J-32 
20 Lake Mead End-of-December Water Elevations—Comparison of Baseline to 
21 Action Alternative Scenarios for 90th, 75th, 50th, 25th, and 10th Percentile Values 
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1 As illustrated in Figure J-32, median Lake Mead elevations under the Action Alternative 
2 also decline throughout the period of analysis due to increasing Upper Basin depletions.  
3 Figure J-32 also illustrates that, up to 2020, median elevations are higher under the 
4 Action Alternative when compared to the Baseline Scenario (an average of 
5 approximately 5.3 feet msl higher over the period 2003–2020).  This effect is explained 
6 by the positive effect that the water transfers have on Lake Mead levels.  This positive 
7 effect is due to the fact that less water is delivered from Lake Mead when Surplus 
8 conditions are determined (i.e., the need for surplus water is diminished since that water 
9 has already been provided by the transfers).  After 2020, at the median level, the positive 

10 effect due to the transfers is out-weighed by the effects of extending the Interim Surplus 
11 Guidelines to 2051 and lowering the shortage strategy (an average difference of 
12 approximately –6.7 feet msl over the period 2021–2050). 

13 Figure J-32 also illustrates that at the lower percentiles, the Action Alternative could 
14 potentially result in lower Lake Mead water levels before 2020 when compared to 
15 Baseline, due to the diminished positive effect of the transfers at the lower lake levels 
16 (when surplus conditions are not in effect).  At the 10th percentile, this effect is 
17 exaggerated by the shortage strategy assumed under the Action Alternative.  Under that 
18 strategy, lake levels are allowed to decline below 1,000 feet msl since level 950 feet msl 
19 is protected at the second level. 

20 As discussed above, under Baseline, future Lake Mead water levels at the 90th and 10th 

21 percentiles would likely be temporary and the water levels are expected to fluctuate 
22 
23 

between them in response to multi-year variations in basin runoff conditions.  The same 
would apply under the Action Alternative.  The 90th, 75th, 50th, 25th, and 10th percentile 

24 values of the Action Alternative are compared to those of Baseline in Table J-7.  The 
25 values presented in this table after 2025 are for every five years. 
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1 
2 

Table J-7.  Lake Mead End-of-December Water Elevations (feet msl)—Comparison of Baseline to Action 
Alternative Scenarios for 90th, 75th, 50th, 25th, and 10th Percentile Values 

Baseline Action Alternative
90th 75th 50th 25th 10th 90th 75th 50th 25th 10th           

Year Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile 
2003  1155 1147 1142 1140  1138  1156 1149 1144 1142 1140  
2004  1170 1152 1135 1129  1125  1172 1155 1137 1132 1127  
2005  1181 1158 1135 1119  1111  1185 1161 1137 1123 1115  
2006  1188 1165 1134 1112  1101  1191 1168 1139 1116 1105  
2007  1200 1172 1128 1104  1091  1207 1177 1136 1108 1092  
2008  1207 1178 1132 1100  1082  1213 1184 1138 1100 1078  
2009  1214 1185 1133 1096  1074  1214 1188 1140 1099 1068  
2010  1215 1185 1135 1093  1068  1215 1190 1139 1088 1063  
2011  1212 1181 1133 1089  1062  1214 1189 1136 1081 1056  
2012  1214 1184 1131 1088  1049  1214 1191 1135 1083 1045  
2013  1211 1186 1125 1089  1057  1213 1191 1132 1076 1055  
2014  1214 1186 1115 1084  1050  1214 1191 1125 1076 1042  
2015  1214 1190 1119 1076  1042  1214 1192 1125 1069 1037  
2016  1212 1190 1115 1077  1034  1213 1193 1130 1070 1026  
2017  1214 1191 1120 1076  1023  1215 1193 1128 1067 1022  
2018  1214 1194 1116 1070  1020  1214 1193 1123 1059 1012  
2019  1214 1190 1115 1067  1016  1214 1191 1120 1054  999  
2020  1214 1193 1114 1062  1008  1214 1193 1119 1057  991  
2021  1214 1193 1117 1058  1005  1214 1192 1117 1053  984  
2022  1215 1196 1113 1053  1006  1215 1193 1105 1049  984  
2023  1214 1194 1113 1051  1005  1214 1193 1109 1046  977  
2024  1215 1192 1113 1054  1004  1215 1193 1109 1058  970  
2025  1214 1193 1115 1062  1004  1214 1192 1109 1056  970  
2030  1214 1194 1118 1050  1005  1214 1192 1107 1043  962  
2035  1214 1191 1114 1018  1004  1214 1190 1104 1018  969  
2040  1214 1191 1112 1045  1004  1212 1190 1103 1043  966  
2045  1214 1187 1103 1052  1004  1213 1183 1101 1048  959  

3 
2050  1211 1185 1104 1037  1005  1210 1177 1102 1036  963  
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1 
2 

Table J-8 provides more information on the general differences between the 90th, 75th, 
50th, 25th, and 10th percentile lines of the Baseline and Action Alternative (same data 

3 presented in Figure J-32). 

4 
5 

Table J-8.  Comparison of Lake Mead End-of-December Water Elevations under Baseline and Action 
Alternative Scenarios—Average Difference in Feet between 90th, 75th, 50th, 25th, and 10th Percentiles 

Average 
Difference of 90th 

Average 
Difference of 75th 

Average 
Difference of 50th 

Average 
Difference of 25th 

Average 
Difference of 10th 

Period Percentile Values Percentile Values Percentile Values Percentile Values Percentile Values 

2003–2015 2.1 4.5 5.3 -2.0 -2.2 

2016–2025 0.0 0.0 1.9 -6.1 -18.9 

2026–2051 -0.8 -2.6 -6.7 -1.9 -41.3 
6 

7 
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1 Figure J-33 provides a comparison of the frequency  that future Lake Mead end-of-
2 December water elevations under Baseline and the Action Alternative scenarios would be 
3 at or exceed a lake water elevation of 1,200 feet msl.  The lines represent the percentage 
4 of values greater than or equal to the lake water elevation of 1,200 feet msl under the 
5 modeled Baseline and Action Alternative scenarios.  In  year 2015, under Baseline, the 
6 percentage of values greater than or equal to elevation 1,200 feet msl is 16.5 percent, in 
7 year 2025 the value is 16.5 percent, and in year 2050, the value decreases to 14.1 percent.  
8 The values for the Action Alternative generally  follow the same pattern.  In some years, 
9 the values are higher than those under Baseline and in others, the values are lower.  

10 Between years 2003 to  year 2015, the values for the Action Alternative are an average of 
11 +1.1 percent higher than those of Baseline.  Between years 2016 to year 2025, the values 
12 for the Action Alternative are an average of –0.2 percent lower than those of Baseline.  
13 Between years 2026 to  year 2051, the values for the Action Alternative are an average of 
14 -1.0 percent lower than those of Baseline. 

 

 

 

15 Figure J-33 
16 Lake Mead End-of-December Water Elevations—Comparison of Baseline to Action Alternative 
17 Scenarios, Percentage of Values Greater than or Equal to Elevation, 1,200 Feet 
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Table J-9 provides a numeric comparison and also the differences in the values for 
selected years between 2003 and 2051. 

Table J-9.  Comparison of Baseline to Action Alternative Scenarios for Lake Mead End-
of-December Water Elevations—Percentage of Values Greater than or Equal to Elevation 
1,200 Feet 

 Difference (%) 
Year Baseline (%) Action Alternative (%) (Action Alternative–Baseline) 
2003 0.0 0.0 0.0 
2004 1.2 1.2 0.0 
2005 3.5 5.9 2.4 
2006 5.9 7.1 1.2 
2007 10.6 11.8 1.2 
2008 11.8 12.9 1.2 
2009 14.1 16.5 2.4 
2010 16.5 17.6 1.2 
2011 17.6 17.6 0.0 
2012 15.3 15.3 0.0 
2013 15.3 17.6 2.4 
2014 14.1 15.3 1.2 
2015 16.5 17.6 1.2 
2016 17.6 18.8 1.2 
2017 18.8 20.0 1.2 
2018 17.6 20.0 2.4 
2019 18.8 18.8 0.0 
2020 18.8 20.0 1.2 
2021 21.2 17.6 -3.5 
2022 18.8 17.6 -1.2 
2023 18.8 17.6 -1.2 
2024 20.0 17.6 -2.4 
2025 16.5 16.5 0.0 
2030 16.5 15.3 -1.2 
2035 16.5 15.3 -1.2 
2040 16.5 14.1 -2.4 
2045 14.1 12.9 -1.2 

6 
2050 14.1 12.9 -1.2 
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1 Figure J-34 provides a comparison of the frequency  that future Lake Mead end-of-
2 December water elevations would be at or exceed a lake water elevation of 1,083 feet msl 
3 under Baseline and the Action Alternative Scenarios.  For the period 2003 through 2010, 
4 under Baseline, the percentage of values greater than or equal to elevation 1,083 feet msl 
5 ranges from 100 percent to 81 percent.  In  year 2015, the percentage is 72.9 percent and 
6 decreases to 68 percent by 2025, remaining above 65 percent out to year 2042.  Although 
7 the shortage strategy in effect for the Baseline (80P1083/1000) attempts to keep Lake 
8 Mead above elevation 1,083 msl with an 80 percent probability, the protection line (or 
9 trigger elevations) would need to be higher to achieve that that level of assurance. 

 10 Figure J-34 
11 Lake Mead End-of-December Water Elevations—Comparison of Baseline to Action Alternative 
12 Scenarios, Percentage of Values Greater than or Equal to Elevation, 1,083 Feet 
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14 The values for the Action Alternative generally  follow the same pattern, albeit at slightly  
15 lower levels.  For the period 2003 through 2010, under the Action Alternative, the 
16 percentage of values greater than or equal to elevation 1,083 feet msl ranges from  
17 100 percent to 76 percent.  In year 2015, the percentage is 65.9 percent and decreases to 
18 63.5 percent by 2025, remaining at or above 60 percent out to  year 2047.  The decrease in 
19 the percentages as compared to Baseline is a reflection of the different shortage strategy  
20 used in the Action Alternative (80P1050/950). 

21 
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1 Table J-10 provides a numeric comparison and also the differences in the values for 
2 selected years between 2003 and 2051. 

3 
4 
5 

Table J-10.  Comparison of Baseline to Action Alternative Scenarios for Lake Mead End-
of-December Water Elevations—Percentage of Values Greater than or Equal to Elevation 
1,083 Feet 

Difference 
Year Baseline (%) Action Alternative (%) (Action Alternative–Baseline) 
2003 100.0 100.0 0.0 
2004 100.0 100.0 0.0 
2005 100.0 100.0 0.0 
2006 100.0 100.0 0.0 
2007 97.6 97.6 0.0 
2008 87.1 84.7 -2.4 
2009 83.5 82.4 -1.2 
2010 81.2 76.5 -4.7 
2011 78.8 74.1 -4.7 
2012 77.6 75.3 -2.4 
2013 76.5 71.8 -4.7 
2014 75.3 70.6 -4.7 
2015 72.9 65.9 -7.1 
2016 70.6 67.1 -3.5 
2017 65.9 62.4 -3.5 
2018 67.1 64.7 -2.4 
2019 68.2 64.7 -3.5 
2020 67.1 64.7 -2.4 
2021 67.1 67.1 0.0 
2022 67.1 65.9 -1.2 
2023 68.2 67.1 -1.2 
2024 70.6 69.4 -1.2 
2025 68.2 63.5 -4.7 
2030 67.1 65.9 -1.2 
2035 70.6 67.1 -3.5 
2040 69.4 65.9 -3.5 
2045 61.2 60.0 -1.2 
2050 55.3 55.3 0.0 

6 

7 
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1 Figure J-35 provides a comparison of the frequency  that future Lake Mead end-of-
2 December water elevations would be at or exceed a lake water elevation of 1,050 feet msl 
3 under Baseline and the Action Alternative scenarios.  For the period 2003 through 2010, 
4 under Baseline, the percentage of values greater than or equal to elevation 1,083 feet msl 
5 are all about 100 percent.  In year 2015, the percentage is 83.5 percent, decreases to 
6 76.5 percent by 2025, and fluctuates between 71.8 percent to about 76.6 percent through 
7 year 2051.  As expected, the shortage strategy in effect for the Baseline (80P1083/1000) 
8 also serves to protect the lower level of 1,050 feet msl, albeit with an approximately  73 
9 percent level of assurance.  

 

 

10 Figure J-35 
11 Lake Mead End-of-December Water Elevations—Comparison of Baseline to Action Alternative 
12 Scenarios, Percentage of Values Greater than or Equal to Elevation, 1,050 Feet 
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14 The values for the Action Alternative are nearly identical to the Baseline values.  The 
15 largest deviation is a 3.5 percent difference in 2011 and 2014.  Otherwise, the variations 
16 range between 0 and 2.4 percent. 

17 
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2 

3 
4 
5 

Table J-11 provides a numeric comparison and also the differences in the values for years 
between 2003 and 2051. 

Table J-11.  Comparison of Baseline to Action Alternative Scenarios for Lake Mead End-
of-December Water Elevations—Percentage of Values Greater than or Equal to Elevation 

 1,050 Feet 

 Difference (%) 
Year Baseline (%) Action Alternative (%) (Action Alternative–Baseline) 
2003 100.0 100.0 0.0 
2004 100.0 100.0 0.0 
2005 100.0 100.0 0.0 
2006 100.0 100.0 0.0 
2007 100.0 100.0 0.0 
2008 100.0 100.0 0.0 
2009 100.0 100.0 0.0 
2010 100.0 100.0 0.0 
2011 98.8 95.3 -3.5 
2012 89.4 88.2 -1.2 
2013 90.6 90.6 0.0 
2014 90.6 87.1 -3.5 
2015 83.5 83.5 0.0 
2016 82.4 81.2 -1.2 
2017 81.2 80.0 -1.2 
2018 80.0 78.8 -1.2 
2019 78.8 77.6 -1.2 
2020 76.5 76.5 0.0 
2021 76.5 75.3 -1.2 
2022 75.3 74.1 -1.2 
2023 75.3 72.9 -2.4 
2024 75.3 75.3 0.0 
2025 76.5 77.6 1.2 
2030 74.1 74.1 0.0 
2035 74.1 74.1 0.0 
2040 74.1 74.1 0.0 
2045 75.3 75.3 0.0 

6 
2050 71.8 70.6 -1.2 
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1 Figure J-36 provides a comparison of the frequency  that future Lake Mead end-of-
2 December water elevations under Baseline and the Action Alternative scenarios would be 
3 at or exceed a lake water elevation of 1000 feet msl.  Under Baseline, the percentage of 
4 values greater than or equal to elevation 1000  feet msl generally are or are very close to 
5 100 percent.  This is a direct result of the shortage strategy  used in  the Baseline scenario 
6 (80P1083/1000), under which second level shortages are imposed to keep Lake Mead 
7 above elevation 1000 feet msl.  Under the Action Alternative, the percentage of values 
8 greater than or equal to elevation 1000 feet msl generally stay at about 100 percent from  
9 2003 to 2016.  Thereafter, the values decrease to about 82 percent by year 2050.  These 

10 results again reflect the difference in the shortage strategies used under the two modeled 
11 scenarios. 

 

 

12 Figure J-36 
13 Lake Mead End-of-December Water Elevations—Comparison of Baseline to Action Alternative 
14 Scenarios, Percentage of Values Greater than or Equal to Elevation, 1000 Feet 
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1 Table J-12 provides a numeric comparison and also the differences in the values for 
2 selected years between 2003 and 2051. 

3 
4 
5 

Table J-12.  Comparison of Baseline to Action Alternative Scenarios for Lake Mead End-
of-December Water Elevations—Percentage of Values Greater than or Equal to Elevation 
1,000 Feet 

 Difference (%) 
Year Baseline (%) Action Alternative (%) (Action Alternative–Baseline) 
2003 100.0 100.0 0.0 
2004 100.0 100.0 0.0 
2005 100.0 100.0 0.0 
2006 100.0 100.0 0.0 
2007 100.0 100.0 0.0 
2008 100.0 100.0 0.0 
2009 100.0 100.0 0.0 
2010 100.0 100.0 0.0 
2011 100.0 100.0 0.0 
2012 100.0 100.0 0.0 
2013 100.0 100.0 0.0 
2014 100.0 98.8 -1.2 
2015 100.0 100.0 0.0 
2016 100.0 100.0 0.0 
2017 100.0 94.1 -5.9 
2018 100.0 95.3 -4.7 
2019 100.0 89.4 -10.6 
2020 100.0 88.2 -11.8 
2021 100.0 87.1 -12.9 
2022 100.0 85.9 -14.1 
2023 100.0 85.9 -14.1 
2024 100.0 83.5 -16.5 
2025 100.0 82.4 -17.6 
2030 100.0 84.7 -15.3 
2035 100.0 84.7 -15.3 
2040 100.0 80.0 -20.0 
2045 100.0 82.4 -17.6 

6 
2050 100.0 82.4 -17.6 
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7 Figure J-37 provides a comparison of the frequency  that future Lake Mead end-of-
8 December water elevations under Baseline and the Action Alternative scenarios would be 
9 at or exceed a lake water elevation of 950 feet msl.  Under Baseline, the percentage of 

10 values greater than or equal to elevation 950 feet msl are always 100 percent.  This is a 
11 direct result of the shortage strategy used in the Baseline scenario (80P1083/1000), under 
12 which second level shortages are imposed to keep Lake Mead above elevation 1000 feet 
13 msl.  Under the Action Alternative, the percentage of values greater than or equal to 
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1 elevation 950 feet msl are 100 percent from 2003–2020.  From 2021–2051, the values are 
2 at or above 92 percent, due to the uncertainty in projecting the end-of-year water surface 
3 elevation at the beginning of each year.  However, subsequent analysis showed that the 
4 shortage strategy  protects Lake Mead elevation 937 feet msl 100 percent of the time  
5 through 2051. 

 

 

6 Figure J-37 
7 Lake Mead End-of-December Water Elevations— 
8 Comparison of Baseline to Action Alternative Conditions, 
9 Percentage of Values Greater than or Equal to Elevation, 950 feet msl 
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11 Table J-13 provides a numeric comparison and also the differences in the values for 
12 selected years between 2003 and 2051. 
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1 Table J-13.  Comparison of Baseline to Action Alternative Conditions for Lake Mead End-
2 of-December Water Elevations—Percentage of Values Greater than or Equal to Elevation 
3 950 Feet 

 Difference (%) 
Year Baseline (%) Action Alternative (%) (Action Alternative–Baseline) 

2003  100.0 100.0 0.0 
2004  100.0 100.0 0.0 
2005  100.0 100.0 0.0 
2006  100.0 100.0 0.0 
2007  100.0 100.0 0.0 
2008  100.0 100.0 0.0 
2009  100.0 100.0 0.0 
2010  100.0 100.0 0.0 
2011  100.0 100.0 0.0 
2012  100.0 100.0 0.0 
2013  100.0 100.0 0.0 
2014  100.0 100.0 0.0 
2015  100.0 100.0 0.0 
2016  100.0 100.0 0.0 
2017  100.0 100.0 0.0 
2018  100.0 100.0 0.0 
2019  100.0 100.0 0.0 
2020  100.0 100.0 0.0 
2021  100.0 97.6 -2.4 
2022  100.0 96.5 -3.5 
2023  100.0 95.3 -4.7 
2024  100.0 95.3 -4.7 
2025  100.0 92.9 -7.1 
2030  100.0 94.1 -5.9 
2035  100.0 95.3 -4.7 
2040  100.0 96.5 -3.5 
2045  100.0 91.8 -8.2 

4 
2050  100.0 95.3 -4.7 
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1 J.6.2 Hydrologic Impacts to the River Corridor 
2 (Reaches 3–5) 
3 As discussed in Section J.6.1, a reservoir model was used to project the possible future 
4 conditions of the lower Colorado River system under a range of possible future inflow 
5 conditions.  When analyzing impacts to the river, backwaters, and groundwater along the 
6 Colorado River corridor below Hoover Dam, more detail is necessary.  Accordingly, 
7 Reclamation used a more detailed analysis to assess the potential impacts to covered 
8 species and their habitat along the river corridor. 

9 This section describes the methodology used to determine the effects on downstream 
10 river flow and stage due to potential future reductions in releases from Davis and Parker 
11 Dams.  The analysis of the effects on downstream river flow and stage was used in 
12 subsequent analyses to assess the impacts to open water (both river and backwaters), 
13 groundwater connected to the river channel, and finally to marsh and riparian habitat as a 
14 result of the potential future changes in flow.  See Appendix K and Chapter 5 of the LCR 
15 MSCP BA. 

16 J.6.2.1 Description of the Methodology 

17 The effects on downstream river flow and stage due to potential future reductions in 
18 releases from Davis and Parker Dams were analyzed.  Flow reductions of up to 
19 0.845 mafy in the river from Hoover Dam to Davis Dam (Reach 2), up to 0.860 mafy in 
20 the river from Davis Dam to Parker Dam (Reach 3), and up to 1.574 mafy in the river 
21 from Parker Dam to Imperial Dam (Reaches 4 and 5) were considered (See Chapter 2 of 
22 the LCR MSCP BA, Table 2-13).  As noted above, impacts in Reaches 2 and 6 of such 
23 reductions were determined to be insignificant and were therefore not modeled. 

24 The methodology employed for this analysis comprised the following general steps: 

25 1. Estimate the hourly flows likely to be released from the dams, both before and after 
26 the flow reductions have been applied 

27 2. Route the hourly release patterns downstream to locations of interest5 

28 3. Convert the modeled flows at each location to river stage (elevation) to determine the 
29 reduction in river stage due to the flow reduction  

30 4. Determine the effects of the reduction in river stage to backwater area extent and 
31 depth, and to depth to groundwater proximate to the river 

32 Given the changes in backwater and groundwater due to the flow reductions, the potential 
33 impacts to habitat could then be computed.  This section describes Steps 1 through 3 in 
34 more detail.  Step 4 is described in Appendix K. 

5 Thirteen locations were selected downstream of Davis Dam and are shown in the first column of Table J-15.  
Twenty locations were selected downstream of Parker Dam and are shown in the first column of Table J-17.  The 
criteria used for the selection of the locations of interest are discussed in Appendix K. 
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1 Estimate the Hourly Releases 

2 As discussed in Appendix K, it was assumed that changes in river stage would cause an 
3 immediate effect to backwaters that are directly connected to the river.  Therefore, to 
4 obtain a “worse case” analysis, the largest reduction in river stage was needed at each 

location along the river on an hourly basis.  Furthermore, since hourly release patterns 
6 from Davis and Parker Dams vary seasonally as shown in Figure J-23 and J-30, the 
7 hourly reductions in river stage would need to be examined on a seasonal basis to obtain 
8 a “worse case.”  

9 Consequently, for the analysis of effects on directly connected backwaters, typical 
releases from each dam for the months of April, August, and December were chosen as 

11 reference flows, from which to apply the flow reductions.  Since the flow reductions were 
12 specified on an annual basis (see Tables 2-14–2-16 in Chapter 2 of the LCR MSCP BA), 
13 a typical schedule of diversions from the particular reach were used to distribute the 
14 annual reduction by month.  Once the monthly releases were known (both before and 

after reductions), the release was disaggregated into a mean daily flow by simply dividing 
16 by the number of days in the month.  Use of monthly reference flows will be referred to 
17 the “Monthly” analysis in this appendix. 

18 As noted in Section J.4.3, typical hourly releases at Parker and Davis Dams vary 
19 throughout the year primarily due to the magnitude of the scheduled water orders.  From 

historical data, Reclamation determined relationships that relate the typical hourly release 
21 patterns to the mean daily releases from each dam.  This methodology is described in 
22 more detail in a report entitled Analysis of Water Transfer Effects on Flows and 
23 Elevations at Selected Sites along the Lower Colorado River (Bureau of Reclamation 
24 2002a).  The mean daily release for each dam was then disaggregated to hourly releases 

by using the appropriate relationship. 

26 As discussed in Appendix K, it was assumed that changes in river stage would not 
27 immediately affect backwaters indirectly connected to the river as well as groundwater 
28 near the river.  Consequently, for the analysis of the effects to indirectly connected 
29 backwaters and groundwater, a typical annual release for each dam was chosen as the 

reference flow from which to apply the flow reductions.  The annual releases (before and 
31 after reductions) were then converted to mean daily flows by simply dividing by the 
32 number of days in the year.  The mean daily release for each dam was then disaggregated 
33 to hourly releases by using the appropriate relationship as described above and 
34 documented in Reclamation (2002a).  Use of an annual reference flow is referred to as 

the “Average Annual” analysis in this appendix6. 

36 Route the Hourly Releases Downstream 

37 Once the hourly releases from each dam were determined, these flows were routed 
38 downstream, using a river routing model based on the “Muskingum Method” for channel 
39 flow analysis (HEC-1 User’s Manual, U.S. Army Corps of Engineering, March 1987).  

The model was calibrated based on an analysis of historical flows as measured at various 

6 The “Average Annual” analysis is also referred to as “Annual Median” in other LCR MSCP documents (e.g., in 
Appendix K and Chapter 5 of the BA). 
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stream gages below Davis and Parker Dams.7  Reclamation frequently uses this method 
2 and from past experience, Reclamation has determined that this method generally 
3 provides good correlation and reliability of values over a wide range of flows (Bureau of 
4 Reclamation 2002(a)).  Flows at other locations of interest not at a gage site were 
5 assumed to be the same as flows at the gage site nearest the location. 

1 

6 Convert the Modeled Flows to River Elevation (Stage)  

7 The modeled flows at each location were then converted to river elevation or stage.  This 
8 conversion was achieved with the use of a rating formula that was developed for each site 
9 using output from the Army Corps of Engineers water surface profile model, HEC-RAS 

10 (Bureau of Reclamation 1999).  River channel cross section survey data was used to 
11 develop and verify the accuracy of the water surface profiles and the resulting rating 
12 formulas.  

13 For the Average Annual analysis, the hourly flows at each location were first aggregated 
14 to mean daily flows, which were then converted to stage.  This was done for the flows 
15 before and after the respective flow reductions.  The decrease in river stage (or 
16 drawdown) due to the flow reduction was then computed at each location.  For the 
17 Monthly analysis, the minimum hourly flow at each location was first converted to stage 
18 and then the drawdown was computed. 

19 J.6.2.2 Modeled Davis Dam Releases 

20 An annual release from Davis Dam of approximately 9.2 maf was assumed for the 
21 reference release from which to apply the 0.860 mafy flow reduction.  For the Monthly 
22 analysis, a historical year was chosen with approximately the same annual release in 
23 order to choose the reference releases for April, August, and December.   

24 Following the methodology outlines above, two sets of hydrographs were developed to 
25 reflect the river flow conditions below Davis Dam before and after the release reductions.  
26 Each hydrograph set represented two scenarios:  Average Annual, and Monthly for April, 
27 August and December.  The hydrograph set that reflects the river flow conditions before 
28 the release reductions is hereinafter referred to as “Reference Release” or “Reference 
29 Flow.”  The hydrograph set that reflects the river flow conditions with the release 
30 reductions is hereinafter referred to as “Reduced Release” or “Reduced Flow.” 

31 The Average Annual analysis is presented in this section.  The results of the Monthly 
32 analyses are presented in Attachment D.  

33 For Davis Dam releases, three downstream gages were used to calibrate the model.  
34 These sites are shown for in Table J-14. 

7 The gage sites below Davis and Parker Dams are listed in Tables J-14 and J-16 respectively. 
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1  Table J-14.  Gage Locations between Davis Dam and Parker Dam 

River Location River Mile 

Big Bend 265.9 

Topock Marsh Inlet 244.3 

2 
Topock Gorge Stream Gage  231.0 

 

3 Figure J-38 compares the hourly Davis Dam releases for the annual median under the 
4 modeled Reference to Reduced Release scenarios.  The modeled flows for the Reduced 
5 Release scenario reflect an annual reduction of 860,000 af compared to the Reference 
6 Release scenario.  Figure J-39 compares the river stage at one of the 14 locations  
7 downstream  of Davis Dam (near the inlet to Topock Marsh).  These stage levels correlate 
8 with the flows shown for the respective hours on Figure J-38.   
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9 Figure J-38 
10 Comparison of Davis Dam Release and River Flow near Topock Marsh Inlet under  
11 Reference to Reduced Flow Scenarios (860 kaf Release Reduction) 
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1 Figure J-39 
2 Comparison of River Stage Near Topock Marsh Inlet Under Reference to Reduced Flow Scenarios 
3 (860 kaf Release Reduction) 
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5 The hourly flows at each of the 14 locations were then aggregated to mean daily  flows 
6 and converted to river stage, for both the Reference and Reduced Release scenarios. 
7 Table J-15 presents these flows and river stages at each location. The maximum  river 
8 stage difference over all locations was observed to be 0.65 feet msl at River Mile 243.9. 

9 The results of the Monthly  Analyses for flow reductions below Davis Dam  are presented 
10 in Attachment D. 
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1 Table J-15.  Comparison of River Stage for Selected  Locations along the Lower Colorado River between  
2 Davis Dam and Parker Dam, Average Annual Analysis, Reference to Reduced Release Scenarios 
3 (860 kaf Release Reduction) 

860 kaf 
  Reference Release Reduced Release Differences 

Stage Stage Change in  Change in  
Location (RM)   Flow (cfs) (feet) Flow  (cfs) (feet) Flow (cfs) Stage (feet) 

Davis Dam Release  12,708 N/A 11,520 N/A -1,188 N/A 

        

270.5  12,708  497.67  11,520  497.28  -1,188  -0.40 

267.2  12,708  490.67  11,520  490.24  -1,188  -0.43 

262.9  12,708  478.73  11,520  478.14  -1,188  -0.58 

255.1  12,708  470.16  11,520  469.56  -1,188  -0.60 

259.6  12,708  475.16  11,520  474.59  -1,188  -0.57 

248.9  12,708  464.21  11,520  463.61  -1,188  -0.60 

243.9  12,708  458.69  11,520  458.04  -1,188  -0.65 

240.8  12,708  456.89  11,520  456.29  -1,188  -0.61 

237.6  12,708  454.14  11,520  453.59  -1,188  -0.55 

234.7  12,492  452.44  11,305  451.93  -1,187  -0.51 

229.8  12,492  449.99  11,305  449.53  -1,187  -0.47 

225.0  12,492  448.76  11,305  448.41  -1,187  -0.35 

220.2  12,492  447.52  11,305  447.31  -1,187  -0.21 
4  

5 J.6.2.3  Modeled Parker Dam Releases 

6 An annual release from Parker Dam of approximately  7.3 maf was assumed for the 
7 reference release from which to apply the 1.574 maf flow reduction.  For the Monthly  
8 analysis, a historical year was chosen with approximately the same  annual release in 
9 order to choose the reference releases for April, August, and December.  

10 Following the methodology outlines above, two sets of hydrographs were developed to 
11 reflect the river flow conditions below Parker Dam before and after the release 
12 reductions.  Each hydrograph set represented two scenarios:  Average Annual, and 
13 Monthly for April, August and December.  The hydrograph set that reflects the river flow 
14 conditions before the release reductions is hereinafter referred to as “Reference Release” 
15 or “Reference Flow.”  The hydrograph set that reflects the river flow conditions with the 
16 release reductions is hereinafter referred to as “Reduced Release” or “Reduced Flow.” 

17 The Average Annual analysis is presented in this section.  The results of the Monthly  
18 analysis are presented in Attachment D.  
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1 For Parker Dam releases, four downstream gages were used to calibrate the model.  
2 These sites are listed in Table J-16. 

3 Table J-16.  Gage Locations between Parker Dam and Imperial Dam 

River Location River Mile 

Waterwheel gage 152.0 

Taylor Ferry  gage 106.6 

Cibola gage 87.3 

Imperial Dam  gage 49.2 
4  

5 Figure J-40 compares the hourly Parker Dam  releases under the modeled Reference to 
6 Reduced Release scenarios.  The modeled flows for the Reduced Release scenario reflect 
7 an annual reduction of 1.574 maf compared to the Reference Flow scenario.  Figure J-41 
8 compares the river stage at one of the 20 locations downstream of Parker Dam (near 
9 Taylor Ferry).  These stage levels correlate with the flows shown for the respective hours 

10 on Figure J-40. 
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Figure J-40 
Comparison of Parker Dam Release and River Flow near Taylor Ferry under Reference to  

Reduced Flow Scenarios (1.574 maf Release Reduction) 

Fl
ow

 (c
fs

) 

16,000 

14,000 

12,000 

10,000 

8,000 

6,000 

4,000 

2,000 

0 
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20 

Parker Release - Reference 

Parker Release - Reduced Release 
Flow at Taylor's Ferry - Reference 

Flow at Taylor's Ferry - Reduced Release 

Time of Day (Hour) 

14 

15 

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program J-92 
Final Appendices to Volumes I–III and V J&S 00-450 

 

Reclamation’s Ongoing and Future Operations 
Related to Covered Actions – Technical Documentation 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          
 

 

  

  

 

1 Figure J-41 
2 Comparison of River Stage Near Taylor Ferry Under Reference to  
3 Reduced Flow Scenarios (1.574 maf Release Reduction) 
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5 The hourly flows at each of the 20 locations were then aggregated to mean daily  flows 
6 and converted to river stage, for both the Reference and Reduced Release scenarios. 
7 Table J-17 presents the flows and river stages at each location. The maximum river stage 
8 difference over all locations was observed to be 1.55 feet msl at River Mile 116.5.  

9 The results of the Monthly  Analyses for flow reductions below Parker Dam are presented 
10 in Attachment D.  

Lower Colorado River  December 2004 
Multi-Species Conservation Program J-93 
Final Appendices to Volumes I–III and V J&S 00-450 

 



  

 

1 Table J-17.  Comparison of River Stage for Selected  Locations along the Lower Colorado River between  
2 Parker Dam and Imperial Dam, Average Annual Analysis, Reference to Reduced Release Scenarios 
3 (1.574 maf Release Reduction) 

1.574 maf 
  Reference Release Reduced Release Differences 

Stage Stage Change in  Change in  
Location (RM)   Flow (cfs) (feet) Flow  (cfs) (feet) Flow (cfs) Stage (feet) 

Parker Dam  Release  10,083 N/A 7,911 N/A -2,172 N/A 

171.3  8,474 334.12  6,302 332.98  -2,172  -1.14 

167.6  8,474 327.66  6,302 326.43  -2,172  -1.23 

160.9  8,474 316.12  6,302 314.92  -2,172  -1.20 

149.5  8,474 298.96  6,302 297.74  -2,172  -1.22 

146.9  8,474 295.52  6,302 294.57  -2,172  -0.95 

135.8  8,474 283.83  6,302 283.70  -2,172  -0.13 

119.7  7,796 248.26  5,624 247.09  -2,172  -1.17 

116.5  7,796 241.93  5,624 240.38  -2,172  -1.55 

114.6  7,796 239.50  5,624 238.05  -2,172  -1.45 

109.1  7,796 230.96  5,624 229.53  -2,172  -1.44 

103.1  7,796 224.50  5,624 223.28  -2,172  -1.22 

96.7  7,796 215.98  5,624 214.55  -2,172  -1.43 

86.1  8,860 207.15  6,689 205.99  -2,171  -1.16 

80.4  8,860 202.15  6,689 201.18  -2,171  -0.96 

72.2  8,860 194.28  6,689 193.26  -2,171  -1.02 

70.3  8,860 193.24  6,689 192.20  -2,171  -1.04 

66.1  8,860 189.20  6,689 188.17  -2,171  -1.03 

56.0  8,856 183.93  6,686 183.05  -2,170  -0.88 

53.6  8,856 180.97  6,686 180.48  -2,170  -0.49 

50.8  8,856 179.70  6,686 179.62  -2,170  -0.08 
4  

5 J.7 References Cited 
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1 Attachment A 
2 Detailed Modeling Documentation 

3 This attachment describes the reservoir operating rules and related data used in the U.S. 
4 Department of the Interior, Bureau of Reclamation’s (Reclamation’s) Colorado River 
5 Simulation System (CRSS), as implemented in the RiverWare modeling system. 

6 J.A.1 Background 
7 Long-term policy and planning studies on the Colorado River have typically used model 
8 results from the CRSS, a Fortran-based modeling system, developed in the 1980s.  CRSS 
9 originally ran on a Cyber mainframe computer, but was ported to run on both personal 

10 computers and Unix Workstations in 1994.  CRSS modeled twelve major reservoirs and 
11 some 115 diversion points throughout the Upper and Lower Basins on a monthly time 
12 step.  A major drawback of CRSS was that the operating policies or rules were 
13 “hardwired” into the modeling code, making modification of those policies difficult. 

14 Based on the need to initiate surplus and shortage studies for the Lower Basin in the early 
15 1990s, Reclamation developed an annual time step model, CRSSez (Bureau of 
16 Reclamation 1998).  CRSSez primarily models the operation of Lakes Powell and Mead, 
17 representing the reservoirs above Powell as one aggregate reservoir, and the effect of 
18 reservoirs below Mead as part of the water demand necessary from Mead.  CRSSez was 
19 used in the Interim Surplus Criteria EIS process to facilitate the development of possible 
20 alternatives to be analyzed. 

21 Also in 1994, Reclamation began a collaborative research and development program with 
22 the University of Colorado and the Tennessee Valley Authority with the goal of 
23 developing a general-purpose modeling tool that could be used for both operations and 
24 planning on any river basin.  This modeling tool, known as RiverWare, is now being used 
25 by the Upper and Lower Colorado Regions for both planning and monthly operations 
26 (Fulp 1999). A major advantage of RiverWare is that the operational policies or rules are 
27 no longer "hardwired" into the modeling code (Zagona et al. 2001).  The user expresses 
28 and prioritizes the rules through the RiverWare graphical user interface, and RiverWare 
29 then interprets the rules when the model is run.  Multiple rule sets can be run with the 
30 same model and this provides the capability for efficient "what-if" analysis with respect 
31 to different policies. 

32 Reclamation replaced the original CRSS model with a new model implemented in 
33 RiverWare in 1996.  The new model has the same spatial and temporal resolution, uses 
34 the same basic input data (hydrology and consumptive use schedules), and uses the same 
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1 physical process algorithms as the original CRSS.  A rule set was also developed to 
2 mimic the policies contained in the original model.  Comparison runs were made between 
3 the original CRSS and the new model and rule set, with typical differences of less than 
4 0.5 percent (Bureau of Reclamation 1996). 

5 The second phase of the program to replace CRSS consists of examining the rules 
6 extracted from CRSS and developing new rule sets that reflect current operational policy 
7 as well as to investigate and improve, where necessary, the physical process 
8 methodologies.  A team of Reclamation engineers from the Upper and Lower Colorado 
9 Regions has been established for these purposes and this phase is ongoing.  The operation 

10 rules for Lake Powell were updated in 1999.  As new operational policies are determined 
11 in the Upper Basin, the associated rules will be updated. 

12 J.A.2 Description of the Model 
13 As previously mentioned, the features represented in the model are identical to the 
14 original CRSS model.  In summary, twelve reservoirs are modeled (Fontenelle, Flaming 
15 Gorge, Taylor Park, Blue Mesa, Morrow Point, Crystal, Navajo, Starvation, Powell, 
16 Mead, Mohave, Havasu) and approximately 115 diversions are modeled (demands and 
17 return flows) throughout the basin.  The hydrologic "natural" inflows (flows corrected for 
18 upstream regulation and consumptive uses and losses) at 29 inflow points throughout the 
19 basin were also used from the standard CRSS hydrology data set covering the period 
20 1906–1990. 

21 A summary of the operating rules for each reservoir follows. 

22 J.A.3 Reservoirs above Lake Powell 
23 The reservoirs above Lake Powell are operated to meet monthly storage targets (or “rule 
24 curves”) and downstream demands.  The basic procedure is that given the inflow for the 
25 current month, the release will be either the release necessary to meet the target storage or 
26 the release necessary to meet demands downstream of the reservoir, whichever is greater.  
27 The rule curves are input for each reservoir, but are modified during the run for Flaming 
28 Gorge, Blue Mesa, and Navajo to simulate operations based on the imperfect inflow 
29 forecasts that are encountered in actual reservoir operations.  Furthermore, each reservoir 
30 is constrained to operate within user-supplied minimum and maximum releases (mean 
31 monthly release in cubic feet per second [cfs]) as specified in the following table: 
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Minimum Maximum  
Reservoir Release Release 

Fontenelle 500 18,700  

Flaming Gorge  800 4,900 

Starvation 100 5,000 

Taylor Park  50 5,000 

Blue Mesa 270 5,000 

Morrow Point  300 5,000 

Crystal 300 4,200 

Navajo 300 5,900 
1  

2 For Flaming Gorge, Blue Mesa, and Navajo, the target storage is computed by  using an 
3 inflow forecast for the spring runoff season (January–July), again to mimic the imperfect 
4 forecasts seen in actual operations.  The forecasted inflow (for the current month through 
5 July) is computed as a weighted average of the long-term average natural inflow and the 
6 natural inflow assumed for the year being modeled.  The weights used are: 

Natural Inflow  Average Natural 
Month Weight  Inflow weight 

January 0.3 0.7 

February 0.4 0.6 

March 0.5 0.5 

April 0.7 0.3 

May 0.7 0.3 

June 0.7 0.3 

July 0.6 0.4 
7  

8 The long-term, average natural inflows into each reservoir are (1000 acre-feet [af]): 

Reservoir Jan Feb Mar Apr May Jun Jul  

Flaming Gorge  23.3 20.9 33.8 87.9 250.4 327.8 157.5 

Blue Mesa 34.0 39.5 94.6 176.0 339.8 561.6 346.8 

Navajo  18.8 24.6 69.3 176.9 297.3 284.7 120.1 
9  

10 Based on the inflow forecast, the rule computes the volume necessary to release from the 
11 current month through July, assuming the reservoir will fill in July: 

12 Release needed  for the current month = (current contents - live capacity + predicted remaining  
13 inflow) divided  by the number of months remaining  until the end of July 
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1 The target storage for the current month is then computed, adjusting for any gains or 
2 losses above the reservoir: 

3 Target storage = previous storage - release needed + gains - losses 

4 J.A.4 Lake Powell Operation 
As previously stated, the operation of Lake Powell was modified to reflect current 

6 operating polices in 1999. In the original CRSS rules, Lake Powell was operated on a 
7 rule curve that was not adjusted for an inflow forecast.  Two other higher priority rules 
8 ensured that the minimum objective release of 8.23 million acre-feet per year (mafy) was 
9 met and that equalization of Lakes Powell and Mead was accomplished when necessary. 

The rule curve operation of Lake Powell was replaced by a new rule that better represents 
11 current operational practices.  This new rule consists of a forecast-driven, spring runoff 
12 operation (January through July) that attempts to fill the reservoir to a July target storage 
13 and a fall operation (August through December) that attempts to draw down the reservoir 
14 to a December target storage.  For this EIS, the July and December targets were 

23.822 million acre-feet (maf) (500,000 af of space) and 21.900 maf (2.422 kaf of space) 
16 respectively. In addition, a rule was added to simulate the occurrence of Beach Habitat 
17 Building Flows (BHBFs or “spike” flows).  The minimum objective release and 
18 equalization rules were kept essentially the same as in the original CRSS rules.  Release 
19 constraints that reflect the 1996 Record of Decision on the Operation of Glen Canyon 

Dam were also added to the Lake Powell rule set. 

21 J.A.5 Lake Powell Inflow Forecast 
22 Since the original CRSS rules computed an inflow forecast for Lake Powell and adjusted 
23 it for use by the flood control operation at Lake Mead, the same forecasting algorithm 
24 could be applied to the new operation of Lake Powell.  The unregulated Lake Powell 

inflow forecast from the current month through July is computed as: 

26 Unregulated Lake Powell inflow = natural flow into Lake Powell - estimated Upper Basin 
27 depletions + the forecast error 

28 where; the forecast error is computed using equations derived from an analysis of past 
29 Colorado River forecasts and runoff data for the period 1947 to 1983. 

As detailed in the original CRSS overview document (Bureau of Reclamation 1985), 
31 analysis of these data revealed two strongly established patterns:  (1) high runoff years 
32 are under-forecast, and low runoff years are over-forecast; (2) the error in the current 
33 month's seasonal forecast is strongly correlated with the error in the preceding month's 
34 forecast.  A regression model was developed to aid in determining the error to be 

incorporated into the seasonal forecast for each month from January to June.  The error is 
36 the sum of a deterministic and a random component.  The deterministic component is 
37 computed from the regression equation.  The random component is computed by 
38 multiplying the standard error of the regression equation by a random mean deviation 
39 selected from a standard normal distribution. 

Lower Colorado River December 2004 
Multi-Species Conservation Program J.A-4 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

 
 

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

Detailed Modeling Documentation 

1 The forecast error equation has the following form (all runoff units are maf): 

2 Ei = ai Xi + bi E(i-1) + ci + Zr di 

3 where: 

4  i = month, 

5  Ei = error in the forecast for month "i," 

6  Xi = natural runoff into Lake Powell from month "i" through July, 

7  ai = linear regression coefficient for Xi, 

8  E(i-1) = previous month's forecast error, 

9  bi = linear regression coefficient for E(i-1), 

10  ci = constant term in regression equation for month "i," 

11  Zr = randomly determined deviation, and 

12  di = standard error of estimate for regression equation for month "i." 

13 The following table summarizes the regression equation coefficients for each month: 

Month ai  bi  ci  di 

January 0.70 0.00 -8.195 1.270 

February 0.00 0.80 -0.278 0.977 

March 0.00 0.90 0.237 0.794 

April 0.00 0.76 0.027 0.631 

May 0.00 0.85 0.132 0.377 

June 0.24 0.79 0.150 0.460 
14 

15 The magnitude of the June forecast error is constrained to not exceed 50 percent of the 
16 May forecast error and the July forecast error is equal to 25 percent of the June forecast 
17 error. 

18 J.A.6 Spring Runoff Operation (January–July) 
19 To accomplish the spring operation, the unregulated forecast is first adjusted to account 
20 for potential reservoir regulation above Powell.  This potential regulation is currently 
21 computed as just the sum of the available space (live capacity – previous month’s 
22 storage) in Fontenelle, Flaming Gorge, Blue Mesa, and Navajo.  Using the regulated 
23 forecasted inflow, the total volume of water necessary to release from the current month 
24 through July is computed as: 

25 total volume to release = previous storage – July target storage 

26 + forecasted regulated inflow – loss due to evaporation–loss due to bank storage 
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1 The release for the current month is then computed by multiplying the total volume to 
2 release by a fraction for the current month, where the fraction reflects a user-supplied 
3 preferred weighting pattern.  The weights and resulting fractions used for this study are as 
4 follows: 

Spring Season  Weights Fractions 

January 0.170 0.170 

February 0.160 0.193 

March 0.130 0.194 

April 0.100 0.185 

May 0.100 0.227 

June 0.160 0.471 

July 0.180 1.000 
5  

6 The fraction is computed as current month's weight divided by the sum of the current and 
7 remaining month's weights for the season. 

8 During the spring operation, however, the computed release is constrained to be at least 
9 as great as the total volume divided by the number of months remaining.  This constraint 

10 ensures that sufficient water is released early in the season during high forecast years.  
11 Lake Powell’s spring operational release is further constrained in each month to be within 
12 a  minimum and maximum range (currently set  to 6,500 and 25,000 cfs, respectively). 

13 J.A.7 Fall Operation (August–December) 
14 Conceptually, the computation for the fall operation is identical to that done for the 
15 spring operation.  The regulated inflow forecast is simply the natural inflow, adjusted for 
16 Upper Basin depletions, and potential reservoir regulation with no forecast error added.  
17 The potential reservoir regulation is again computed as the sum of the available space in 
18 Fontenelle, Flaming Gorge, Blue Mesa, and Navajo, where the space is the target storage 
19 in December for each reservoir minus the previous month’s storage.  User-supplied 
20 weights are also used to compute the current month release from the total volume to 
21 release in the fall.  The weights and resulting fractions are as follows: 

Fall Season  Weights Fractions 

August 0.266 0.266 

September 0.200 0.272 

October 0.156 0.292 

November 0.156 0.413 

December 0.222 1.000 
22  
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1 Two additional constraints are placed on the computed monthly release to ensure a 
2 smooth operation.  In July, the release is constrained to be at least 1.0 maf if Powell’s 
3 storage is greater than 23.0 maf.  From July through December, the release is constrained 
4 to not exceed 1.5 maf, as long as a 1.5 maf release results in a storage at Lake Powell less 
5 than 23.822 maf.  Powell’s fall operational release is further constrained in each month to 
6 be within a minimum  and maximum range (currently set to 6,500 and 25,000 cfs, 
7 respectively). 

8 J.A.8 Minimum Objective Release 
9 A higher priority rule ensures that the previously described Powell operation will satisfy  

10 a minimum objective release to the Lower Basin, currently equal to 8.23 maf over each 
11 water year (October through September).  Similar to the weighting and release fraction 
12 scheme used for the operational rule, a preferred release pattern for each month to meet 
13 the minimum objective release is supplied and a fraction is computed.  The release 
14 pattern (in kaf) and resulting fractions are as follows: 

Month Release Fraction 

October 600 0.073 

November 600 0.079 

December 700 0.100 

January 800 0.126 

February 700 0.127 

March 600 0.124 

April 600 0.142 

May 600 0.165 

June 700 0.231 

July 800 0.343 

August 900 0.588 

September 630 1.000 
15  

16 The fraction is computed as current month’s release divided by the sum of the current and 
17 remaining month's releases through September. 

18 Each month the rule computes the volume of water remaining to meet the minimum 
19 objective release for the current water year (accounting for the water released previously  
20 in the water year) and multiplies that volume by the release fraction.  The release 
21 determined by the operational rule must then be at least as great as this resulting 
22 minimum objective release for the month. 
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1 J.A.9 Equalization of Lakes Powell and Mead 
2 The equalization of storage between Lakes Powell and Mead is implemented in a rule 
3 that first determines if equalization needs to occur, and if so, then determines how much 
4 water to release from Powell to accomplish it.  The rule is in effect from January through 

September of each year.  The rule states that equalization needs to occur if two criteria 
6 are met:  (1) if the storage in the Upper Basin meets the 602(a) requirement, and (2), if 
7 the projected end-of-water-year (EOWY) storage in Lake Powell is greater than that in 
8 Lake Mead.  

9 The storage in the Upper Basin is computed for each month (January–September) and 
consists of the predicted EOWY storage in Lake Powell, plus the sum of the previous 

11 month’s storage for Flaming Gorge, Blue Mesa, and Navajo.  That storage is then 
12 compared to the computed value of 602(a) storage, described below to see if the 602(a) 
13 requirement is met each month.  The method of estimating the EOWY storage is 
14 described below. 

The release for equalization is computed by taking half of the difference between the 
16 predicted EOWY contents of Lake Powell and Lake Mead and dividing by the number of 
17 months remaining through September.  Evaporation and bank storage losses at Lakes 
18 Powell and Mead are included in the calculation, resulting in an iterative procedure to 
19 arrive at the computed equalization release.  The iteration stops when the forecasted 

EOWY contents of Lake Powell and Lake Mead are within a user-specified tolerance.  
21 That tolerance is currently set to 25,000 af. 

22 The computed equalization release for each month is constrained in three ways.  If the 
23 additional release due to equalization would cause the total Upper Basin storage to drop 
24 below the 602(a) requirement, then the amount of the equalization release is reduced to 

prevent this from happening.  Likewise, the equalization release is reduced if it would 
26 cause Lake Mead contents to exceed its exclusive flood control space.  Finally, the 
27 equalization release is constrained to be less than or equal to the maximum power plant 
28 capacity at Lake Powell (currently set to 33,100 cfs). 

29 J.A.10 602(a) Storage Requirement 
As stated in the CRSS overview document (Bureau of Reclamation 1985), “602(a) 

31 storage refers to the quantity of water required to be in storage in the Upper Basin so as to 
32 assure future deliveries to the Lower Basin without impairing annual consumptive uses in 
33 the Upper Basin.”  The current implementation of that storage requirement duplicates the 
34 original CRSS calculation.  It computes the storage necessary in the Upper Basin to meet 

the minimum objective release and Upper Basin depletions over the next “n” years, 
36 assuming the inflow over that period would follow that seen in the most “critical period 
37 on record.”  The critical period in the Colorado River basin occurred in 1953–1964, a 
38 length of 12 years.  Inflows from these years are used in the calculation of 602(a) storage. 

39 At the beginning of each calendar year, a value for 602(a) storage is computed by the 
following formula: 
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1 602a = {(UBDepletion + UBEvap)* (1 – percentShort/ 100) + minObjRel – 
2 criticalPeriodInflow} * 12 + minPowerPoolStorage 

3 where: 

4  602a = the 602(a) storage requirement 

5  UBDepletion = the average over the next 12 years of the Upper Basin scheduled 
6 depletions  

7  UBEvap =  the average annual evaporation loss in the Upper Basin (currently set to 
8 560 kaf) 

9  percentShort = the percent shortage that will be applied to Upper Basin depletions during 
10 the critical period (currently set to zero) 

11  minObjRel  = the minimum objective release to the Lower Basin (currently set to 
12 8.23 maf) 

13  criticalPeriodInflow = average annual natural inflow into the Upper Basin during the 
14 critical period (1953–1964)  (currently set to 12.18 maf) 

15  minPowerPoolStorage = the  amount of minimum power pool to be preserved in Upper 
16 Basin reservoirs (currently set to 5.179 maf) 

17 All parameter values currently used were as found in the original CRSS data files ported 
18 from the Cyber mainframe in 1994. 

19 J.A.11 Predicting End-of-Water-Year Contents of 
20 Lakes Powell and Mead 
21 Lake Powell EOWY content is predicted each month by taking the previous month’s 
22 storage, adding the estimated inflow, subtracting the estimated release, and subtracting 
23 the estimate of evaporation and change in bank storage.  All estimated values are for the 
24 period from the current month through September.  The estimated inflow is just the 
25 regulated inflow forecast previously discussed, where the forecast error is included 
26 through July.  The estimated release is based on the spring operation (through July) and 
27 the fall operation for August and September.  The estimated evaporation and bank storage 
28 losses are based on an initial estimate of the EOWY content. 

29 Similarly, the Lake Mead EOWY content is predicted each month by taking the previous 
30 month’s content, adding the estimated Powell release, subtracting the estimated Mead 
31 release, adding the average gain between Powell and Mead, subtracting the Southern 
32 Nevada depletion, and subtracting the estimate of evaporation and change in bank 
33 storage.  Again, all values are for the period from the current month through September.  
34 Lake Mead’s release is estimated as the sum of the depletions downstream of Mead and 
35 the reservoir regulation requirements (including evaporation losses) for Lakes Mohave 
36 and Havasu minus the gains below Mead. 
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1 J.A.12 Beach /Habitat Building Flows 
2 Under the current rule that implements BHBFs, a BHBF is triggered for the current 
3 month if the following conditions are met: 

4  In January, if the unregulated inflow forecast for January through July (the natural 
flow – Upper Basin depletions plus forecast error) is greater than the “January trigger 

6 volume” (currently set to 13.0 maf). 

7  In January through July, if the current month’s Powell release is greater than the 
8 “release trigger” (currently set to 1.5 maf) or if the release volume for the current 
9 month through July equally distributed over those months would result in a release 

greater than the “release trigger.” 

11 Once a BHBF has been triggered, if Powell would have had to spill in that month 
12 anyway, the total outflow from Powell is not increased; rather the volume for the BHBF 
13 (currently set to 200 kaf) is taken from the total outflow already determined by the 
14 operational rule.  If Powell was not going to spill in that month, then the total outflow 

from Powell is increased (i.e., the volume for the BHBF is taken from Powell’s storage).  
16 Under the case where the BHBF is triggered even though the current month’s release is 
17 less than the “release trigger”, the rule re-sets Powell’s outflow for that month to the 
18 trigger release amount (1.5 maf). 

19 Under all circumstances, only one BHBF is made per calendar year. 

J.A.13 Lake Mead Operation 
21 Lake Mead is operated primarily to meet downstream demand, including downstream 
22 depletions (both U.S. and Mexico) and reservoir regulation requirements.  In any month, 
23 the rule computes the downstream depletions based on schedules that have been set as 
24 input data or by other rules (for the case of surplus or shortage in the Lower Basin).  The 

reservoir regulation requirements for Lakes Mohave and Havasu include water necessary 
26 to meet their storage targets and evaporation losses for each month.  The operation rule 
27 computes the release necessary from Lake Mead to meet that total downstream demand 
28 minus gains below Mead.  This release may be increased, however, based on flood 
29 control procedures. 

J.A.14 Mead Flood Control 
31 There are three flood control procedures currently in effect for different times of the year.  
32 These procedures were developed in the original CRSS and were based on the Field 
33 Working Agreement between Reclamation and the Corps (U.S. Army Corps of Engineers 
34 1982).  The first procedure is in effect throughout the year.  Its objective is to maintain a 

minimum space of 1.5 maf in Lake Mead, primarily for extreme rain events.  This space 
36 is referred to as the exclusive flood control space and is represented by the space above 
37 elevation 1,219.61 msl.  The second procedure is used during the spring runoff forecast 
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1 season (January–July).  The objective during this period is to route the maximum 
2 forecasted inflow through the reservoir system using specific rates of Hoover Dam 
3 discharge, assuming that the lake will fill (to elevation 1,219.61 msl) at the end of July.  
4 The third procedure is used during the space building or drawdown period (August– 
5 December).  The objective during this period is to gradually draw down the reservoir 
6 system to meet the total system space requirements in each month in anticipation of the 
7 next year’s runoff. 

8 J.A.15 Exclusive Flood Control Space 
9 Requirement 

10 As previously noted, this requirement states that space in Lake Mead must be a minimum 
11 of 1.5 maf at all times.  If the release computed to meet downstream demand results in a 
12 Lake Mead storage that would violate this space requirement, the rule computes the 
13 additional release necessary to maintain that space. 

14 J.A.16 Spring Runoff Season (January–July) 
15 The flood control policy requires that the maximum forecast be used where that forecast 
16 is defined as the estimated inflow volume that, on average, will not be exceeded 19 times 
17 out of 20 (a 95 percent non-exceedance).  The rule first computes the inflow forecast to 
18 Lake Mead by taking the Lake Powell forecast previously described and adds the long-
19 term, average natural tributary inflows between Lakes Powell and Mead.  The maximum 
20 forecast is then estimated by adding an additional volume (the “forecast error term”) to 
21 that inflow forecast.  The forecast error term (in maf) is given in the following table, 
22 taken from the original CRSS data: 

Forecast Period Forecast Error Term 

January–July 4.980 

February–July 4.260 

March–July 3.600 

April–July 2.970 

May–July 2.525 

June–July 2.130 

July–July 0.750 
23 

24 The Field Working Agreement defines an iterative algorithm by which the current 
25 month’s release (in cfs) is determined.  Certain release levels are specified and are given 
26 in the following table: 
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Release  
Level Release Description 

1 19,000 Parker Power Plant capacity 

2 28,000 Davis Power Plant capacity 

3  35,000  Hoover Power  Plant capacity (in  1987)  

4 40,000  Approximate maximum flow non-damaging  
to streambed 

5 73,000  Hoover controlled discharge capacity  
1  

2 The flood control release needed for the current month is determined by: 

3 release needed  for the current month = maximum  forecasted inflow – current storage space in 
4 Lake Powell (below 3,700 feet) – current storage space in Lake Mead (below 1,229 feet) + 
5 1.5 maf (exclusive space) – evaporation and bank storage losses from Lakes Powell and Mead 
6 – Southern Nevada depletion – future volume  of water released (assuming a release level  
7 from the table for the remaining months through July) 

8 If the computed release for the current month is greater than that assumed for the future 
9 months, the future level is increased and the current month release is re-computed.  The 

10 computation stops once the computed release for the current month is less than or equal 
11 to that assumed for the future months.  If the computed release is greater than the 
12 previously assumed level, that release is used for the current month; otherwise, the 
13 previously assumed level is used. 

14 The rule sets Lake Mead’s release to the flood control release if it is greater than the 
15 release previously computed to meet downstream demands. 

16 J.A.17 Space Building (August–December) 
17 The flood control policy states the flood control storage space (in maf) in Lake Mead 
18 (storage below elevation 1,229 feet) required at the beginning of each month from August 
19 through January: 

Date Space  Required 

August 1.50 

September 2.27 

October 3.04 

November 3.81 

December 4.58 

January 5.35 
20  

 
 

 

Detailed Modeling Documentation 

Lower Colorado River December 2004 
Multi-Species Conservation Program J.A-12 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

Detailed Modeling Documentation 

1 However, these targets may be reduced to the minimum of 1.5 maf in each month if 
2 additional space is available upstream in active storage.  Certain upstream  reservoirs are 
3 specified with a maximum creditable space (in maf) for each:  

Reservoir Maximum Creditable Storage Space 

Powell 3.8500  

Navajo  1.0359  

Blue Mesa 0.7485  

Flaming Gorge plus Fontenelle  1.5072  
4  

5 In each month (July–December), if the release computed to meet downstream demands 
6 results in an end-of-month Lake Mead storage that would violate the space requirement 
7 adjusted for upstream storage, the rule computes the additional release necessary to 
8 maintain that space.  However, these releases are constrained to be less than or equal to 
9 28,000 cfs. 

10 J.A.18 Lake Mohave and Lake Havasu Operation 
11 Lakes Mohave and Havasu are operated to meet a user-specified target storage at the end 
12 of each month.  These storage targets (in kaf) are given in the following table: 

Mohave Target Havasu Target  
Month Storage Storage 

January 1644.0  539.1  

February  1698.7  539.1 

March 1698.7  557.4 

April  1698.7  593.6 

May  1753.9  611.4 

June 1666.0  611.4 

July  1543.0  580.0 

August  1417.0  561.1 

September 1371.1  557.4 

October 1371.1  548.2 

November 1478.0  542.7 

December 1585.0 539.1 
13  
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Detailed Modeling Documentation 

1 J.A.19 Lower Basin Shortage Strategies 
2 To date, there have been no shortages to the Lower Division States and there are no 
3 established shortages.  However for the development of the Interim Surplus Guidelines in 
4 1999, shortage rules were developed and used in the model simulation to address 
5 concerns related to low Lake Mead elevations.  A “two-level” shortage protection 
6 strategy was used. 

7 In Level 1 shortage, the shortage determination is based on comparing the January 1 Lake 
8 Mead elevation to a user-input trigger elevation, where the trigger elevations are 
9 determined from other modeling studies to protect a significant elevation within a given 

10 degree of confidence.  If Lake Mead’s elevation at the beginning of the year is less than 
11 the trigger elevation, a Level 1 shortage is declared and certain Lower Basin depletions 
12 are reduced.  The shortage remains in effect for that calendar year. 

13 Level 1 protection of elevation 1,083 feet (minimum power pool) and Level 1 protection 
14 of elevation 1,050 feet (minimum water level for operation of Southern Nevada’s upper 
15 diversion intake) were used in this study.  Trigger elevations were input to protect each 
16 elevation with an approximately 80 percent probability; however, actual model runs 
17 showed that the protection was less.  Under Level 1 shortage, the Central Arizona Project 
18 (CAP) depletion is set to a given amount (1.0 maf for this draft environmental impact 
19 statement) and Southern Nevada Water Authority (SNWA) is reduced by 4 percent of the 
20 total reduction as given by: 

21 SNWSshort = SNWSnorm – (0.04*(CAPnorm-CAPshort)/0.96) 

22 Where:  the subscripts denote the normal and shortage depletion amounts.  The Metropolitan 
23 Water District of Southern California (MWD) and other water users (including Mexico) do 
24 not take a Level 1 shortage. 

25 Under Level 2 shortages, further cuts are imposed to keep Lake Mead above a specified 
26 elevation (both 1,000 feet and 950 feet were used in this study).  At the beginning of each 
27 year, the rule estimates the EOWY Lake Mead elevation (using Level 1 shortage 
28 schedules and normal schedules for other users).  If the EOWY elevation is below the 2nd 

29 level protection elevation, CAP and SNWA are cut further to keep Lake Mead above that 
30 elevation.  If CAP delivery is reduced to zero, MWD and Mexico have shortages 
31 imposed, again in an amount necessary to keep the reservoir above the specified 
32 elevation.  Shortages to Mexico consist of shorting Mexico proportionately to the total 
33 shortages imposed on United States users: 

34 Mexshort = Mexnorm * (U.S.shortage/U.S.norm) 

35 J.A.20 Lower Basin Surplus Strategy 
36 The model assumes that the Interim Surplus Guidelines (ISG) are in effect through 
37 calendar year 2016, unless otherwise noted.  The ISG are specified in the Record of 
38 Decision (ROD), Colorado River ISG, Final Environmental Impact Statement, January, 
39 2001, and the model implements those as follows: 
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Detailed Modeling Documentation 

1 Normal Conditions 
2 If the modeled January 1 Lake Mead elevation is below 1,125 feet msl, the model assigns 
3 the Normal schedules to all diversion points in the Lower Basin.  The Normal schedules 
4 total 7.5 maf of annual consumptive use in the Lower Basin. 

5 Partial Domestic Surplus 
6 If the modeled January 1 Lake Mead elevation is at or above 1,125 feet msl and below 
7 1,145 feet msl, the model assigns the Partial Domestic Surplus schedules to MWD and 
8 the SNWA.  All other diversion points remain at Normal schedules.  The Partial 
9 Domestic Surplus schedules yield the amount of surplus for MWD and SNWA as 

10 specified in the ROD, and are documented in the Final Environmental Impact Statement, 
11 Implementation Agreement, Inadvertent Overrun and Payback Policy, and Other Federal 
12 Actions (SIA-EIS, Bureau of Reclamation 2002). 

13 Full Domestic Surplus 
14 If the modeled January 1 Lake Mead elevation is at or above 1,145 feet msl but below the 
15 spill avoidance strategy assuming the runoff value of the 70th percentile of exceedance 
16 based on the historic record of runoff above Lake Powell (i.e., the 70R Strategy), the 
17 model assigns the Full Domestic Surplus schedules to MWD and SNWA.  All other 
18 diversion points remain at Normal schedules.  The Full Domestic Surplus schedules yield 
19 the amount of surplus for MWD and SNWA as specified in the ROD, and are 
20 documented in the SIA-EIS (Bureau of Reclamation 2002). 

21 Quantified Surplus (70R Strategy) 
22 If the modeled January 1 Lake Mead storage provides insufficient space for the coming 
23 year (based on the 70R Strategy), and is below the flood control release criteria listed 
24 below, the Secretary would determine annually the quantity of surplus water available.  
25 The quantity is determined by assuming the 70th percentile historical runoff, along with 
26 normal 7.5 maf delivery to Lower Division states, for the next year.  Applying these 
27 values to current reservoir storage, the projected reservoir storage at the end of the next 
28 year is calculated.  The surplus is determined if the estimated space available at the end 
29 of the next year is less than the space needed by flood control criteria.  The quantity of 
30 the surplus is the difference between the space required and the estimated available space.  
31 Once the quantity of surplus water is known, the model computes each state’s share (50 
32 percent to California, 46 percent to Arizona, and 4 percent to Nevada).  The model then 
33 assigns the Full Domestic Surplus schedules to MWD and SNWA.  Arizona’s share of 
34 the surplus is assigned to the CAP, up to their Full Surplus schedule.  If surplus water is 
35 still available for California, up to 300 kaf is made available to the Imperial Irrigation 
36 District (IID) and the Coachella Valley Water District (CVWD). 

37 Flood Control Surplus 
38 If the modeled January 1 system contents projects Hoover Dam flood control releases 
39 based on the Field Working Agreement between Reclamation and the Corps (U.S. Army 
40 Corps of Engineers 1982), the model assigns the Full Surplus schedules to MWD, 
41 SNWA, CAP, IID, and CVWD.  All other diversion points remain at Normal schedules.  
42 The Full Surplus schedules are documented in the SIA-EIS (Bureau of Reclamation 
43 2002). 
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1 Attachment B 
2 Sensitivity Analysis 

3 J.B.1 Introduction 
4 This attachment to Appendix J is intended to provide a summary of the evaluation that 
5 was conducted to determine the incremental effects on Lake Mead water levels that may 
6 result from the implementation of flow-related actions being considered under the Lower 
7 Colorado River Multi-Species Conservation Program (LCR MSCP) (specific surplus and 
8 shortage guidelines and changes in the points of delivery of state entitlement waters).  For 
9 this analysis, the following specific actions were studied: 

10 1. water transfers, as specified in Tables 2-14–2-16 of the LCR MSCP BA; 

11 2. extension of the effective period of the Interim Surplus Guidelines (ISG) from 2003 
12 to 2016 through 2003 to 2051; and 

13 3. lower Lake Mead shortage protection (from the 80P1083/1000 strategy to the 
14 80P1050/950 strategy (see Section J.6 for a description of these strategies). 

15 The main text of Appendix J focused strictly on evaluating the combined effects of the 
16 three specific actions.  This sensitivity analysis considers the implementation of these 
17 actions both independently or in a paired combination.  Specifically, the following action 
18 alternative scenarios were evaluated: 

19 Action Alternative 1A.  Assumes only the specific action of water transfers.  This 
20 alternative is used to evaluate the effects of the future water transfers. 

21 Action Alternative 1B.  Assumes only that the ISG period is extended to 2051.  This 
22 alternative is used to evaluate the effects of extending the effective period of the ISG 
23 beyond 2016. 

24 Action Alternative 1C.  Assumes only the lowering of the shortage protection from 
25 80P1083/1000 to 80P1050/950.  This alternative is used to evaluate the effects of 
26 lowering the Lake Mead shortage protection. 

27 Action Alternative 1D.  Assumes that both the ISG period is extended to 2051 and 
28 the shortage protection is lowered, but without future water transfers.  This 
29 alternative is used to evaluate the combined effects of extending the ISG and 
30 lowering the Lake Mead shortage protection. 

31 Action Alternative.  Assumes that all three specific actions occur.  This is the Action 
32 Alternative considered and discussed throughout Appendix J.  It is used to evaluate 
33 the combined effects of the future water transfers, extending the effective period of 
34 the ISG, and lowering the Lake Mead shortage protection. 
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1 J.B.2 Analysis Results 
2 A summary of the results for each incremental analysis follows. 

3 J.B.2.1  Action Alternative 1A (Future Water 
4 Transfers Only) 
5 Figure J.B-1 presents a comparison of the 90th, 75th, 50th, 25th, and 10th percentile lines 
6 obtained for the Baseline and the Action Alternative 1A scenarios.  This action 
7 alternative scenario modeled only the additional water transfers. 

 

 

 

8 Figure J.B-1 
9 Lake Mead End-of-December Water Elevations— 

10 Comparison of Baseline to Action Alternative No. 1A Scenarios 
11 (Action Alternative No. 1A Includes Additional Transfers Only) 
12 90th, 75th, 50th, 25th, and 10th Percentile Values 
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Sensitivity Analysis 

14 The median Lake Mead elevations under the Baseline and Action Alternative1A 
15 scenarios decline throughout the period of analysis due to increasing Upper Basin 
16 depletions.  Figure J.B-1 also illustrates that the median elevations are higher under 
17 Action Alternative 1A when compared to the Baseline through 2051, with a maximum  
18 difference of 19.6 feet in year 2016.  This effect is explained by the positive effect that 
19 the water transfers have on Lake Mead content and water surface levels.  This positive 
20 effect is due to the fact that less water is delivered from Lake Mead when Surplus 
21 conditions are determined (i.e., the need for surplus water is diminished since that water 
22 has already been provided by the transfers). 
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Sensitivity Analysis 

1 It should be noted that under Baseline, future Lake Mead water levels at the 90th and 10th 

2 percentiles would likely be temporary and the water levels are expected to fluctuate 
3 between them in response to multi-year variations in basin runoff conditions.  The same 
4 would apply under the Action Alternative 1A scenario.  The numeric differences between 
5 the 90th, 75th, 50th, 25th, and 10th percentile values of the Action Alternative No. 1A and 
6 those of the Baseline are presented in Table J.B-1.  The values presented in this table 
7 after 2025 are for every five years. 

8 Table J.B-1.  Lake Mead End-of-December Water Elevations Annual Differences Between 
9 Baseline and Action Alternative No. 1A Scenarios (Action Alternative No. 1A—Includes 

10 Additional Transfers Only) 90th, 75th, 50th, 25th, and 10th Percentile Values 

Difference in Water Surface Elevations (feet) 
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 
2003 1.0 2.0 2.1 2.0 2.2 
2004 2.4 2.6 2.4 3.0 2.4 
2005 3.4 3.1 1.8 3.6 3.5 
2006 3.5 3.2 5.1 3.8 3.7 
2007 6.8 5.1 8.4 4.5 3.5 
2008 5.7 6.0 5.6 2.9 3.6 
2009 0.0 2.7 6.5 3.4 3.4 
2010 -0.1 5.4 4.7 1.2 3.4 
2011 2.3 8.6 7.4 1.7 1.9 
2012 0.5 6.7 7.4 3.7 4.1 
2013 2.2 5.3 8.7 1.4 4.3 
2014 -0.2 5.4 9.8 2.7 3.3 
2015 -0.1 2.2 8.2 2.0 2.8 
2016 1.6 3.7 19.6 6.3 3.8 
2017 0.8 0.2 10.1 3.7 8.4 
2018 -0.2 -1.1 7.0 1.7 1.8 
2019 -0.2 1.3 8.7 0.0 -2.1 
2020 -0.2 -0.8 10.3 2.0 -0.1 
2021 -0.2 -1.4 6.0 3.4 -8.1 
2022 -0.3 -1.8 4.0 3.7 -8.6 
2023 -0.3 -1.7 4.9 2.6 -7.5 
2024 -0.5 0.7 3.3 12.0 -8.2 
2025 -0.6 -1.1 3.7 4.1 -9.1 
2030 -0.3 -3.8 2.7 8.3 -10.3 
2035 -0.3 -1.5 5.5 12.8 -3.3 
2040 -1.5 -1.7 2.4 19.5 -9.8 
2045 -1.1 -1.0 4.1 12.5 -5.8 
2050 -0.9 1.1 2.8 16.4 -3.5 

11 

12 Table J.B-2 provides more information on the general differences between the 90th, 75th, 
13 50th, 25th, and 10th percentile lines of the Baseline and Action Alternative1A (same data 
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1 presented in Figure J.B-1).  Specifically, this table presents the average of the differences  
2 between the 90th, 75th, 50th, 25th, and 10th  percentile lines of the two modeled scenarios for 
3 selected periods (2003–2015, 2016–2025, and 2026–2051). 

4 Table J.B-2.  Lake Mead End-of-December Water Elevations Average Differences Between  
5 Baseline and Action Alternative No. 1A Scenarios (Action Alternative No. 1A—Includes 
6 Additional Transfers Only) 90th, 75th, 50th, 25th, and 10th Percentile Values  

Average Difference in Water Surface Elevations (feet)  
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 

2003–2015  2.1 4.5 6.0 2.8 3.2 
2016–2025 0.0 -0.2 7.8 3.9 -3.0 
2026–2051 -1.0  -1.6  3.5  13.4  -6.4  

7  

 

8 J.B.2.2  Action Alternative 1B (Extension of the 
9 Effective Period of ISG Only) 

10 Figure J.B-2 presents a comparison of the 90th, 75th, 50th, 25th, and 10th percentile lines 
11 obtained for the Baseline and the Action Alternative No. 1B scenarios.  This action 
12 alternative scenario modeled only the extension of the effective period of ISG through 2051.  

 13 Figure J.B-2 
14 Lake Mead End-of-December Water Elevations— 
15 Comparison of Baseline to Action Alternative No. 1B Scenarios 
16 (Action Alternative No. 1B Includes Extension of Interim Surplus Guidelines Only) 
17 90th, 75th, 50th, 25th, and 10th Percentile Values 
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Sensitivity Analysis 

1 The median elevations are identical under the Action Alternative 1B when compared to 
2 Baseline through the original ISG period of 2003 through 2016.  Beginning in 2017, the 
3 median elevations are lower under Action Alternative 1B when compared to the Baseline 
4 through 2051, with a maximum difference of 7.4 feet in year 2045. 

5 The 90th, 75th, 50th, 25th, and 10th percentile values of the action alternative scenarios are 
6 compared to those of the Baseline in Table J.B-3.  The values presented in this table after 
7 2025 are for every five years. 

8 Table J.B-3.  Lake Mead End-of-December Water Elevations Yearly Differences Between 
9 Baseline and Action Alternative No. 1B Scenarios (Action Alternative No. 1B.—Includes 

10 Extension of Interim Surplus Guidelines Only) 90th, 75th, 50th, 25th, and 10th Percentile Values 

Difference in Water Surface Elevations (feet) 
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 
2003 0.0 0.0 0.0 0.0 0.0 
2004 0.0 0.0 0.0 0.0 0.0 
2005 0.0 0.0 0.0 0.0 0.0 
2006 0.0 0.0 0.0 0.0 0.0 
2007 0.0 0.0 0.0 0.0 0.0 
2008 0.0 0.0 0.0 0.0 0.0 
2009 0.0 0.0 0.0 0.0 0.0 
2010 0.0 0.0 0.0 0.0 0.0 
2011 0.0 0.0 0.0 0.0 0.0 
2012 0.0 0.0 0.0 0.0 0.0 
2013 0.0 0.0 0.0 0.0 0.0 
2014 0.0 0.0 0.0 0.0 0.0 
2015 0.0 0.0 0.0 0.0 0.0 
2016 0.0 0.0 0.0 0.0 0.0 
2017 0.0 -0.5 -1.0 0.0 0.0 
2018 0.0 -1.9 -2.0 0.0 0.0 
2019 0.2 -0.9 -4.0 0.0 0.0 
2020 -1.9 -1.9 -3.0 0.0 0.0 
2021 -2.3 -3.0 -4.2 0.0 0.0 
2022 0.0 -5.3 -2.2 0.0 0.0 
2023 0.0 -2.1 -4.5 0.0 0.0 
2024 -1.3 -1.6 -0.6 -1.6 0.0 
2025 0.3 -2.5 -3.7 -0.5 0.0 
2030 -4.0 -4.0 -4.5 -1.3 -0.5 
2035 -1.3 -1.8 -1.5 0.0 -1.5 
2040 -4.6 -3.1 -5.8 0.0 0.0 
2045 -4.5 -3.6 -7.4 -3.5 0.0 
2050 -3.1 -3.2 -5.8 -9.2 0.0 

11 

12 Table J.B-4 provides more information on the general differences between the 90th, 75th, 
13 50th, 25th, and 10th percentile lines of the Baseline and Action Alternative 1B (same data 
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1 presented in Figure J.B-2).  Specifically, this table presents the average of the differences  
2 between the 90th, 75th, 50th, 25th, and 10th  percentile lines of the two modeled scenarios for 
3 selected periods (2003–2015, 2016–2025, and 2026–2051). 

4 Table J.B-4.  Lake Mead End-of-December Water Elevations Average Differences Between  
5 Baseline and Action Alternative No. 1B Scenarios (Action Alternative No. 1B—Includes 
6 Extension of Interim Surplus Guidelines  Only) 90th, 75th, 50th, 25th, and 10th Percentile Values  

Average Difference in Water Surface Elevations (feet)  
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 

2003–2015  0.0 0.0 0.0 0.0 0.0 
2016–2025  -0.5  -2.0 -2.5 -0.2  0.0  
2026–2051  -2.4 -3.3 -6.0 -3.0 -0.1 

7  

8 J.B.2.3  Action Alternative 1C (Lower Lake Mead 
9 Shortage Criteria) 

10 Figure J.B-3 presents a comparison of the 90th, 75th, 50th, 25th, and 10th percentile lines 
11 obtained for the Baseline and the Action Alternative 1C scenarios.  This action alternative 
12 scenario modeled only the lower Lake Mead Shortage protection. 
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13 Figure J.B-3 
14 Lake Mead End-of-December Water Elevations— 
15 Comparison of Baseline to Action Alternative No. 1C Scenarios 
16 (Action Alt. No. 1C Includes Lower Shortage Criteria Only) 
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Sensitivity Analysis 

1 The median elevations are identical under Action Alternative 1C when compared to the 
2 Baseline through 2010.  Beginning in 2011, the median elevations are lower under Action 
3 Alternative 1C, with a maximum difference of 12.8 feet in year 2030. 

4 The 90th, 75th, 50th, 25th, and 10th percentile values of the action alternative scenarios are 
5 compared to those of the Baseline in Table J.B-5.  The values presented in this table after 
6 2025 are for every five years. 

7 Table J.B-5.  Lake Mead End-of-December Water Elevations Annual Differences Between 
8 Baseline and Action Alternative No. 1C Scenarios (Action Alternative No. 1C—Includes Lower 
9 Shortage Criteria Only) 90th, 75th, 50th, 25th, and 10th Percentile Values 

Difference in Water Surface Elevations (feet) 
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 
2003 0.0 0.0 0.0 0.0 0.0 
2004 0.0 0.0 0.0 0.0 0.0 
2005 0.0 0.0 0.0 0.0 0.0 
2006 0.0 0.0 0.0 0.0 0.0 
2007 0.0 0.0 0.0 0.0 -2.6 
2008 0.0 0.0 0.0 -3.2 -7.7 
2009 0.0 0.0 0.0 -3.8 -8.8 
2010 0.0 -0.5 0.0 -12.6 -6.9 
2011 0.0 0.0 -5.1 -13.7 -10.3 
2012 0.0 0.0 -0.4 -10.8 -6.1 
2013 0.0 0.0 -3.5 -13.3 -7.4 
2014 0.0 -1.1 -2.0 -10.8 -10.2 
2015 0.0 0.0 -1.4 -8.0 -7.5 
2016 0.0 0.0 0.0 -10.9 -10.3 
2017 0.0 0.0 -0.4 -9.9 -5.4 
2018 0.0 0.0 -5.8 -11.3 -11.8 
2019 0.0 0.0 -6.9 -11.3 -19.8 
2020 0.0 0.0 -4.0 -6.5 -20.4 
2021 0.0 -0.1 -7.1 -7.7 -25.7 
2022 0.0 -1.4 -10.8 -4.3 -23.2 
2023 0.0 0.0 -11.9 -9.9 -33.4 
2024 0.0 -0.4 -10.1 -6.7 -38.0 
2025 0.0 0.0 -9.5 -10.7 -36.7 
2030 0.0 -0.2 -12.8 -14.5 -40.9 
2035 0.0 -0.8 -8.8 -12.3 -40.1 
2040 0.0 -0.2 -9.3 -15.3 -48.1 
2045 0.0 -3.4 -6.4 -21.2 -47.9 
2050 0.0 -7.3 -3.6 -10.0 -43.0 

10 

11 Table J.B-6 provides more information on the general differences between the 90th, 75th, 
12 50th, 25th, and 10th percentile lines of the Baseline and Action Alternative 1C (same data 
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  Sensitivity Analysis

 

1 presented in Figure J.B-3).  Specifically, this table presents the average of the differences  
2 between the 90th, 75th, 50th, 25th, and 10th  percentile lines of the two modeled scenarios for 
3 selected periods (2003–2015, 2016–2025, and 2026–2051). 

4 Table J.B-6.  Lake Mead End-of-December Water Elevations Average Differences Between  
5 Baseline and Action Alternative No. 1C Scenarios (Action Alternative No. 1C—Includes Lower 
6 Shortage Criteria Only) 90th, 75th, 50th, 25th, and 10th Percentile Values 

Average Difference in Water Surface Elevations (feet)  
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 

2003–2015  0.0 -0.1 -1.0 -5.9 -5.2
2016–2025  0.0 -0.2 -6.7 -8.9 -22.5
2026–2051  0.0 -2.1 -8.6 -14.1 -42.7

7  

8 J.B.2.4  Action Alternative 1D (Extended ISG Period  
9 Plus Lower Lake Mead Shortage Criteria) 

10 Figure J.B-4 presents a comparison of the 90th, 75th, 50th, 25th, and 10th percentile lines 
11 obtained for the Baseline and the Action Alternative 1D scenarios.  This action 
12 alternative scenario modeled both the extension of the effective period of ISG through 
13 2051 and the lower Lake Mead Shortage protection.  

 

 

 

 

  

14 Figure J.B-4 
15 Lake Mead End-of-December Water Elevations— 
16 Comparison of Baseline to Action Alternative No. 1D Scenarios 
17 (Action Alt. No. 1D Includes Extension of ISG and Lower Shortage Criteria) 
18 90th, 75th, 50th, 25th, and 10th Percentile Values 
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Sensitivity Analysis 

1 The median elevations are identical under Action Alternative 1D when compared to the 
2 Baseline through 2010.  Beginning in 2011, the median elevations are lower under Action 
3 Alternative 1D, with a maximum difference of 19.8 feet in year 2030. 

4 The 90th, 75th, 50th, 25th, and 10th percentile values of the action alternative scenario are 
5 compared to those of the Baseline in Table J.B-7.  The values presented in this table after 
6 2025 are for every five years. 

7 Table J.B-7.  Lake Mead End-of-December Water Elevations Annual Differences Between 
8 Baseline and Action Alternative No. 1D Scenarios (Action Alternative 1D—Includes Extension 
9 of Interim Surplus Guidelines and Lower Shortage Criteria) 90th, 75th, 50th, 25th, and 10th 

10 Percentile Values 

Difference in Water Surface Elevations (feet) 
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 
2003 0.0 0.0 0.0 0.0 0.0 
2004 0.0 0.0 0.0 0.0 0.0 
2005 0.0 0.0 0.0 0.0 0.0 
2006 0.0 0.0 0.0 0.0 0.0 
2007 0.0 0.0 0.0 0.0 -2.6 
2008 0.0 0.0 0.0 -3.2 -7.7 
2009 0.0 0.0 0.0 -3.8 -8.8 
2010 0.0 -0.5 0.0 -12.6 -6.9 
2011 0.0 0.0 -5.1 -13.7 -10.3 
2012 0.0 0.0 -0.4 -10.8 -6.1 
2013 0.0 0.0 -3.5 -13.3 -7.4 
2014 0.0 -1.1 -2.0 -10.8 -10.2 
2015 0.0 0.0 -1.4 -8.0 -7.5 
2016 0.0 0.0 0.0 -10.9 -10.3 
2017 0.0 -0.5 -2.1 -9.9 -5.4 
2018 0.0 -1.9 -7.9 -11.3 -11.8 
2019 0.2 -0.9 -7.2 -11.3 -19.8 
2020 -1.9 -1.9 -8.4 -6.5 -20.4 
2021 -2.3 -3.0 -10.7 -7.7 -25.7 
2022 0.0 -5.9 -13.1 -4.3 -23.2 
2023 0.0 -2.1 -17.3 -9.9 -33.4 
2024 -1.3 -1.6 -10.8 -8.4 -38.0 
2025 0.3 -2.5 -18.1 -12.9 -36.7 
2030 -4.0 -4.0 -19.8 -17.4 -40.9 
2035 -1.3 -2.4 -17.7 -12.3 -40.1 
2040 -4.6 -5.0 -14.8 -15.3 -48.1 
2045 -4.5 -6.9 -13.5 -20.9 -47.9 
2050 -3.1 -11.5 -16.8 -18.2 -43.0 

11 

12 Table J.B-8 provides more information on the general differences between the 90th, 75th, 
13 50th, 25th, and 10th percentile lines of the Baseline and Action Alternative 1D (same data 
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  Sensitivity Analysis

 

1 presented in Figure J.B-4).  Specifically, this table presents the average of the differences  
2 between the 90th, 75th, 50th, 25th, and 10th  percentile lines of the two modeled scenarios for 
3 selected periods (2003–2015, 2016–2025, and 2026–2051). 

4 Table J.B-8.  Lake Mead End-of-December Water Elevations Average Differences Between  
5 Baseline and Action Alternative No. 1D Scenarios (Action Alternative 1D—Includes Extension 
6 of ISG and Lower Shortage Criteria) 90th, 75th, 50th, 25th, and 10th Percentile Values 

Average Difference in Water Surface Elevations (feet)  
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 

2003–2015  0.0 -0.1 -1.0 -5.9 -5.2  
2016–2025  -0.5 -2.0 -9.6 -9.3 -22.5 
2026–2051  -2.8 -5.9 -16.5 -16.4 -42.9 

7  

8 J.B.2.5  Action Alternative (Combined effects of 
9 Three Actions) 

10 Figure J.B-5 presents a comparison of the 90th, 75th, 50th, 25th, and 10th  percentile lines for 
11 the Baseline and the Action Alternative scenarios.  This action alternative scenario  
12 modeled all three changes: future water transfers, the extension of the effective period of 
13 ISG through  2051 and the Lower Lake Mead Shortage protection.  This is the alternative 
14 analyzed in Section J.6. 

 

 

 

 

 

15 Figure J.B-5 
16 Lake Mead End-of-December Water Elevations— 
17 Comparison of Baseline to Action Alternative (Base Case) Scenarios 
18 (Base Case Action Alternative Includes All Three Actions) 
19 90th, 75th, 50th, 25th, and 10th Percentile Values 
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Sensitivity Analysis 

1 The median Lake Mead elevations under the Baseline and Action Alternative scenarios 
2 decline throughout the period of analysis due to increasing Upper Basin depletions.  
3 Figure J.B-5 also illustrates that the median elevations are higher under the Action 
4 Alternative when compared to the Baseline throughout the period 2003 through 2021, 
5 with a maximum difference of 15.2 feet in 2016.  Beginning in 2022, the median 
6 elevations are lower under the Action Alternative, with a maximum difference of 11.7 
7 feet in year 2030. 

8 The 90th, 75th, 50th, 25th, and 10th percentile values of the action alternative scenarios are 
9 compared to those of the Baseline in Table J.B-9.  The values presented in this table after 

10 2025 are for every five years. 

11 Table J.B-9.  Lake Mead End-of-December Water Elevations Annual Differences Between 
12 Baseline and Action Alternative Scenarios (Base Case Action Alternative—Includes All Three 
13 Actions) 90th, 75th, 50th, 25th, and 10th Percentile Values 

Difference in Water Surface Elevations (feet) 
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 
2003 1.0 2.0 2.1 2.0 2.2 
2004 2.4 2.6 2.4 3.0 2.4 
2005 3.4 3.1 1.8 3.6 3.5 
2006 3.5 3.2 5.1 3.8 3.7 
2007 6.8 5.1 8.4 4.5 0.8 
2008 5.7 6.0 5.6 0.2 -4.2 
2009 0.0 2.7 6.5 2.2 -6.2 
2010 -0.1 5.4 4.7 -4.5 -5.4 
2011 2.3 8.6 3.4 -7.4 -6.3 
2012 0.5 6.7 4.6 -4.9 -4.2 
2013 2.2 5.3 7.8 -13.1 -2.2 
2014 -0.2 5.4 9.8 -8.1 -8.4 
2015 -0.2 2.2 6.3 -6.8 -4.9 
2016 1.6 3.7 15.2 -7.5 -7.6 
2017 0.8 1.3 7.9 -8.9 -0.7 
2018 -0.2 -0.7 6.9 -10.7 -8.0 
2019 -0.1 1.2 4.2 -12.8 -17.0 
2020 -0.2 -0.9 5.1 -5.3 -16.7 
2021 -0.2 -1.5 0.2 -4.8 -21.3 
2022 -0.3 -3.0 -7.5 -3.9 -21.3 
2023 -0.3 -0.9 -3.9 -4.9 -27.6 
2024 -0.3 1.2 -3.5 3.2 -34.6 
2025 -0.6 -0.9 -5.7 -5.6 -34.0 
2030 -0.3 -2.1 -11.7 -6.4 -42.9 
2035 -0.3 -0.8 -10.1 -0.1 -35.6 
2040 -1.6 -1.5 -8.6 -2.3 -38.0 
2045 -1.2 -3.6 -2.3 -4.8 -45.0 
2050 -0.5 -7.3 -1.9 -2.0 -42.0 
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1 Table J.B-10 provides more information on the general differences between the 90th, 75th, 
2 50th, 25th, and 10th  percentile lines of the Baseline and Action Alternative (same data 
3 presented in Figure J.B-5).  Specifically, this table presents the average of the differences  
4 between the 90th, 75th, 50th, 25th, and 10th  percentile lines of the two modeled scenarios for 
5 selected periods (2003–2015, 2016–2025, and 2026–2051). 

6 Table J.B-10.  Lake Mead End-of-December Water Elevations Average Differences Between  
7 Baseline and Action Alternative Scenarios (Base Case Action Alternative—Includes All Three  
8 Actions) 90th, 75th, 50th, 25th, and 10th Percentile Values  

Average Difference in Water Surface Elevations (feet)  
Year 90th Percentile 75th Percentile 50th Percentile 25th Percentile 10th Percentile 

2003–2015 2.1 4.5 5.3 -2.0 -2.2 
2016–2025 0.0 0.0 1.9 -6.1 -18.9 
2026–2051  -0.8 -2.6 -6.7 -1.9 -41.3 

9  
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Attachment C 

Initial Reservoir Conditions 
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5 

Attachment C 
2 Initial Reservoir Conditions 

3 The Model was initialized with the following actual data, as of midnight,  
4 December 31, 2002. 

Reservoir Elevation (feet) Storage (thousand acre-feet) 

Fontenelle 6,487.79 213 

Flaming Gorge 6,009.71 2,632 

Taylor Park 9,288.42 41 

Blue Mesa 7,444.59 283 

Morrow Point 7,150.72 110 

Crystal 6,742.41 14 

Navajo 6,010.55 827 

Powell 3,620.10 13,774 

Mead 1,152.13 16,718 

Mohave 642.27 1,679 

Havasu 446.21 547 

Total system storage Not Applicable 36,838 
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Attachment D 
Analyses of Hydrologic Impacts  

to the River Corridor (Reaches 3–5) 



 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Attachment D 
2 Analyses of Hydrologic Impacts  
3 to the River Corridor (Reaches 3–5) 

4 As discussed in Section J.6.2, flows in the river below Davis Dam and Parker Dam  were  
5 modeled for four operational scenarios representing four mean daily releases and their 
6 corresponding hourly hydrographs:  Average Annual, and Monthly for April, August, and  
7 December.  These data are referred to as “Reference.”  Another four hydrographs were 
8 analyzed with the appropriate flow reductions applied to the releases from each dam.   
9 These data are referred to as “Reduced Release.”  The Average Annual analyses for 

10 Davis Dam and Parker Dam  were presented in Section J.6.2.  The results of the Monthly 
11 analyses are presented for each dam in this attachment. 

12 Tale J.D-1.  Effect of Davis Dam Release Reduction (860 kaf Reduction) on River Stage at Different River 
13 Locations, Monthly Analysis for April, Reference Mean Daily Flow of 15,845 cfs and Reduced Mean Daily 
14 Flow of 14,199 cfs 

Reference Flow  Reduced Release  Change  

Location  Minimum Hourly  Stage Minimum Hourly  Stage Flow Stage 
(River Mile) Flow (cfs) (feet)  Flow (cfs) (feet)  (cfs) (feet) 

Mean Daily  Release 15,845  NA  14,199  NA  -1,646  NA 

270.5 9,610 496.58   4,936 494.49   -4,674 -2.09

267.2 9,610 489.48   4,936 487.15   -4,674 -2.33

262.9 9,610 477.13   4,936 474.10   -4,674 -3.03

255.1 9,610 468.53   4,936 465.50   -4,674 -3.02

259.6 9,610 473.61   4,936 470.79   -4,674 -2.82

248.9 12,465  464.09   9,331 462.42   -3,134 -1.67

243.9 12,465  458.56   9,331 456.75   -3,134 -1.82

240.8 12,465  456.77   9,331 455.08   -3,134 -1.69

237.6 12,465  454.03   9,331 452.50   -3,134 -1.53

234.7 13,146  452.71   10,040  451.37   -3,106 -1.34

229.8 13,146  450.25   10,040  449.03   -3,106 -1.22

225.0 13,146  448.95   10,040  448.04   -3,106 -0.92

220.2 13,146  447.64   10,040  447.09   -3,106 -0.55
15  

  

  

  

  

  

  

  

  

  

  

  

  

  

Lower Colorado River December 2004 
Multi-Species Conservation Program J.D-1 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  

 

 

 
 

 

 

 
 

0 4 8 12
 

16
 

20
 0 4 8 12

 
16

 
20

 0 4 8 12
 

16
 

20
 0 4 8 12

 
16

 
20

 0 4 8 12
 

16
 

20
 

1 Figure J.D-1 
2 Comparison of Davis Dam Release and River Flow near Topock Marsh Inlet 
3 April—Reference to Reduced Flow (860 kaf Release Reduction) 
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5 Figure J.D-2 
6 Comparison of River Stage near Topock Marsh Inlet 
7 April—Reference to Reduced Flow (860 kaf Release Reduction) 
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1 Table J.D-2.  Effect of Davis Dam Release Reduction (860 kaf Reduction) on River Stage at Different 
2 River Locations, Monthly Analysis for August, Reference Mean Daily Flow of 14,422 cfs and Reduced 
3 Mean Daily Flow of 13,062 cfs 

Reference Flow  Reduced Release  Change  

Location  Minimum Hourly  Stage Minimum Hour  Stage Flow Stage 
(River Mile) Flow (cfs) (feet)  Flow (cfs) (feet)  (cfs) (feet) 

Mean Daily  Release 14,422  NA  13,062  NA  -1,360  NA 

270.5 5,033 494.54   4,881 494.46   -152  -0.08

267.2 5,033 487.21   4,881 487.12   -152  -0.09

262.9 5,033 474.17   4,881 474.05   -152  -0.11

255.1 5,033 465.58   4,881 465.46   -152  -0.11

259.6 5,033 470.85   4,881 470.75   -152  -0.10

248.9 9,592 462.56   8,651 462.01   -941  -0.55

243.9 9,592 456.91   8,651 456.32   -941  -0.59

240.8 9,592 455.23   8,651 454.67   -941  -0.56

237.6 9,592 452.64   8,651 452.14   -941  -0.50

234.7 10,525  451.59   9,439 451.10   -1,086  -0.49

229.8 10,525  449.22   9,439 448.80   -1,086  -0.42

225.0 10,525  448.18   9,439 447.87   -1,086  -0.31

220.2 10,525  447.17   9,439 446.99   -1,086  -0.18
4  
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1 Figure J.D-3 
2 Comparison of Davis Dam Release and River Flow near Topock Marsh Inlet 
3 August—Reference to Reduced Flow (860 kaf Release Reduction) 
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5 Figure J.D-4 
6 Comparison of River Stage near Topock Marsh Inlet 
7 August—Reference to Reduced Flow (860 kaf Release Reduction) 
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1 Table J.D-3.  Effect of Davis Dam Release Reduction (860 kaf Reduction) on River Stage at Different 
2 River Locations, Monthly Analysis for December, Reference Mean Daily Flow of 8,342 cfs and Reduced 
3 Mean Daily Flow of 7,752 cfs 

Reference Flow  Reduced Release  Change  

Location  Minimum Hourly  Stage Minimum Hourly  Stage Flow Stage 
(River Mile) Flow (cfs) (feet)  Flow (cfs) (feet)  (cfs) (feet) 

Mean Daily  Release 8,342 NA  7,752 NA  -590  NA 

270.5 4,787 494.41   4,775 494.40   -12 -0.01

267.2 4,787 487.06   4,775 487.06   -12 -0.01

262.9 4,787 473.98   4,775 473.97   -12 -0.01

255.1 4,787 465.39   4,775 465.38   -12 -0.01

259.6 4,787 470.69   4,775 470.68   -12 -0.01

248.9 6,226 460.45   5,887 460.22   -339  -0.24

243.9 6,226 454.64   5,887 454.39   -339  -0.25

240.8 6,226 453.09   5,887 452.85   -339  -0.24

237.6 6,226 450.75   5,887 450.54   -339  -0.21

234.7 6,683 449.76   6,269 449.55   -414  -0.21

229.8 6,683 447.76   6,269 447.61   -414  -0.15

225.0 6,683 447.12   6,269 447.02   -414  -0.10

220.2 6,683 446.56   6,269 446.50   -414  -0.06
4  
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1 Figure J.D-5 
2 Comparison of Davis Dam Release and River Flow near Topock Marsh Inlet 
3 December—Reference to Reduced Flow (860 kaf Release Reduction) 
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5 Figure J.D-6 
6 Comparison of River Stage near Topock Marsh Inlet 
7 December—Reference to Reduced Flow (860 kaf Release Reduction) 
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Analyses of Hydrologic Impacts 
to the River Corridor (Reaches 3–5) 

1 Table J.D-4.  Effect of Parker Dam Release Reduction (1.574 maf Reduction) on River Stage at Different 
2 River Locations, Monthly Analysis for April, Reference Mean Daily Flow of 14,234 cfs and Reduced Mean  
3 Daily Flow of 11,221 cfs 

Reference Flow  Reduced Release  Change  

Location (River Mile) Flow (cfs) Stage (feet)  Flow (cfs) Stage (feet)  Flow (cfs) Stage (feet) 

Mean Daily  Release 14,234  NA  11,221  NA  -3,013  NA 

171.3 10,437  335.05   5,613 332.59   -4,824  -2.46 

167.6 10,437  328.67   5,613 326.02   -4,824  -2.65 

160.9 10,437  317.09   5,613 314.51   -4,824  -2.58 

149.5 10,437  299.89   5,613 297.30   -4,824  -2.60 

146.9 10,437  296.24   5,613 294.23   -4,824  -2.01 

135.8 10,437  283.97   5,613 283.66   -4,824  -0.31 

119.7 10,004  249.29   6,806 247.75   -3,198  -1.54 

116.5 10,004  243.28   6,806 241.25   -3,198  -2.03 

114.6 10,004  240.75   6,806 238.87   -3,198  -1.87 

109.1 10,004  232.23   6,806 230.34   -3,198  -1.90 

103.1 10,004  225.61   6,806 223.96   -3,198  -1.65 

96.7 10,004  217.27   6,806 215.35   -3,198  -1.92 

86.1 10,970  208.09   7,898 206.66   -3,072  -1.43 

80.4 10,970  202.97   7,898 201.74   -3,072  -1.23 

72.2 10,970  195.17   7,898 193.84   -3,072  -1.32 

70.3 10,970  194.13   7,898 192.80   -3,072  -1.34 

66.1 10,970  190.14   7,898 188.75   -3,072  -1.39 

56.0 11,547  184.88   8,512 183.80   -3,035  -1.08 

53.6 11,547  181.62   8,512 180.89   -3,035  -0.73 

50.8 11,547  179.81   8,512 179.68   -3,035  -0.13 
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1 Figure J.D-7 
2 Comparison of Parker Dam Release and River Flow near Taylor Ferry 
3 April—Reference to Reduced Flow (1.574 maf Release Reduction) 
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5 Figure J.D-8 
6 Comparison of River Stage near Taylor Ferry 
7 April—Reference to Reduced Flow (1.574 maf Release Reduction) 
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Analyses of Hydrologic Impacts 
to the River Corridor (Reaches 3–5) 

1 Table J.D-5.  Effect of Parker Dam Release Reduction (1.574 maf Reduction) on River Stage at Different 
2 River Locations, Monthly Analysis for August, Reference Mean Daily Flow of 10,818 cfs and Reduced 
3 Mean Daily Flow of 8,331 cfs 

Reference Flow  Reduced Release  Change  

Location (River Mile) Flow (cfs) Stage (feet)  Flow (cfs) Stage (feet)  Flow (cfs) Stage (feet) 

Mean Daily  Release 10,818  NA  8,331 NA  -2,487  NA 

171.3 5,412 332.48   5,051 332.27   -361  -0.21

167.6 5,412 325.89   5,051 325.67   -361  -0.23

160.9 5,412 314.38   5,051 314.15   -361  -0.23

149.5 5,412 297.16   5,051 296.91   -361  -0.25

146.9 5,412 294.13   5,051 293.93   -361  -0.19

135.8 5,412 283.65   5,051 283.63   -361  -0.02

119.7 6,853 247.78   5,302 246.90   -1,551  -0.87

116.5 6,853 241.29   5,302 240.12   -1,551  -1.16

114.6 6,853 238.90   5,302 237.81   -1,551  -1.09

109.1 6,853 230.37   5,302 229.29   -1,551  -1.07

103.1 6,853 223.99   5,302 223.08   -1,551  -0.91

96.7 6,853 215.38   5,302 214.32   -1,551  -1.06

86.1 8,264 206.85   6,387 205.81   -1,877  -1.04

80.4 8,264 201.90   6,387 201.04   -1,877  -0.86

72.2 8,264 194.01   6,387 193.11   -1,877  -0.91

70.3 8,264 192.97   6,387 192.05   -1,877  -0.92

66.1 8,264 188.93   6,387 188.02   -1,877  -0.91

56.0 8,930 183.96   6,619 183.02   -2,311  -0.94

53.6 8,930 180.99   6,619 180.47   -2,311  -0.53

50.8 8,930 179.70   6,619 179.62   -2,311  -0.08
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1 Figure J.D-9 
2 Comparison of Parker Dam Release and River Flow near Taylor Ferry 
3 August—Reference to Reduced Flow (1.574 maf Release Reduction) 
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5 Figure J.D-10 
6 Comparison of River Stage near Taylor Ferry 
7 August—Reference to Reduced Flow (1.574 maf Release Reduction) 
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Analyses of Hydrologic Impacts 
to the River Corridor (Reaches 3–5) 

1 Table J.D-6.  Effect of Parker Dam Release Reduction (1.574 maf Reduction) on River Stage at Different 
2 River Locations, Monthly Analysis for December, Reference Mean Daily Flow of 4,986 cfs and Reduced 
3 Mean Daily Flow of 3,906 cfs 

Reference Flow  Reduced Release  Change  

Location (River Mile) Flow (cfs) Stage (feet)  Flow (cfs) Stage (feet)  Flow (cfs) Stage (feet) 

Mean Daily  Release 4,986 NA  3,906 NA  -1,080 NA 

171.3 2,424 330.60   2,007 330.31   -417  -0.29 

167.6 2,424 323.87   2,007 323.56   -417  -0.31 

160.9 2,424 312.30   2,007 311.97   -417  -0.33 

149.5 2,424 294.74   2,007 294.32   -417  -0.42 

146.9 2,424 292.25   2,007 291.92   -417  -0.33 

135.8 2,424 283.50   2,007 283.49   -417  -0.02 

119.7 3,530 245.77   2,525 245.04   -1,005  -0.73 

116.5 3,530 238.59   2,525 237.59   -1,005  -1.00 

114.6 3,530 236.35   2,525 235.39   -1,005  -0.96 

109.1 3,530 227.89   2,525 227.00   -1,005  -0.90 

103.1 3,530 221.93   2,525 221.21   -1,005  -0.72 

96.7 3,530 212.96   2,525 212.10   -1,005  -0.85 

86.1 4,476 204.54   3,421 203.70   -1,055  -0.84 

80.4 4,476 200.03   3,421 199.41   -1,055  -0.63 

72.2 4,476 192.07   3,421 191.43   -1,055  -0.64 

70.3 4,476 190.98   3,421 190.32   -1,055  -0.66 

66.1 4,476 187.03   3,421 186.46   -1,055  -0.58 

56.0 4,857 182.21   3,788 181.66   -1,069  -0.55 

53.6 4,857 180.08   3,788 179.86   -1,069  -0.22 

50.8 4,857 179.57   3,788 179.54   -1,069  -0.03 
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1 Figure J.D-11 
2 Comparison of Parker Dam Release and River Flow near Taylor Ferry 
3 December—Reference to Reduced Flow (1.574 maf Release Reduction) 

0 

2,000 

4,000 

6,000 

8,000 

10,000 

12,000 

14,000 

16,000 

18,000 

20,000 

Fl
ow

 (c
fs

) 

Parker Release - Reference 
Parker Release - Reduced Release 
Flow at Taylor's Ferry - Reference 
Flow at Taylor's Ferry - Reduced Release 

Time of Day (Hour) 
4 

 

 
 

 

 

 

 

1 2 7 12
 

17
 

22
 3 8 13

 
1 0 15

 
20

 0 5 10
 

15
 

20
 1 6 11

 
16

 
2 8 23

 4 9 14
 

19
 0 5 1

5 Figure J.D-12 
6 Comparison of River Stage near Taylor Ferry 
7 December—Reference to Reduced Flow (1.574 maf Release Reduction) 
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EVALUATION OF EFFECTS ASSOCIATED WITH UPDATED 
HYDROLOGIC INFORMATION 

1. INTRODUCTION 

Public comments received during the comment period for the Lower Colorado River 
Multi-Species Conservation Program (LCR MSCP) Draft Environmental Impact 
Statement/Environmental Impact Report (Draft EIS/EIR, June 18, 2004), Draft Biological 
Assessment (Draft BA, June 18, 2004) and Draft Habitat Conservation Plan (Draft HCP, 
June 18, 2004), as published in the Federal Register (69 FR 12202, 3/15/04)  noted that the 
modeling conducted by the U.S. Bureau of Reclamation (Reclamation) for the LCR MSCP 
relied on hydrologic data that does not reflect the recent dry conditions in the Colorado 
River Basin.  The comments suggested that because of the change in hydrologic 
conditions, the modeled results underestimate the magnitude of potential impacts to 
environmental resources within the LCR MSCP planning area.   

As a result of these public comments, the participating agencies have prepared this 
evaluation.  The purpose of this evaluation is to determine whether an analysis based on 
the updated hydrologic information would result in any significant new impacts or 
changed effects to covered species.  This evaluation specifically compares model runs 
based on the updated hydrologic information, with the model runs based on the previous 
hydrologic information and considers whether: (1) the impact analysis and the effect 
determinations provided in the Draft BA/HCP are still accurate in light of the updated 
hydrologic information; and (2) revisions need to be made in the LCR MSCP documents 
(EIS/EIR, BA, HCP) pursuant to the regulatory and statutory provisions cited in Section 3 
of this document. 

2. SUMMARY OF RESULTS 

Hydrologic modeling conducted for the Draft BA/HCP utilized hydrologic information 
based on actual December 31, 2002 elevations of Colorado River reservoirs and the best 
natural flow data available at that time.  The modeling was based on the historic record of 
natural flow in the river system over the 85-year period from 1906 through 1990.   

The analysis conducted as part of this evaluation utilized hydrologic information based 
on the actual September 30, 2004 elevations of Colorado River reservoirs (including Lake 
Mead) and updated natural flow data (including years 1991 through 1995).  This 
evaluation concludes that the inclusion of this updated hydrologic information does not 
identify any significant new impacts or change the conclusions of effect to covered species 
in the Draft BA/HCP, and no changes are required to the BA, HCP, and EIS/EIR.   

The summary findings of this evaluation include the following: 
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• Use of the December 31, 2002 Colorado River reservoir elevations (including Lake 
Mead) was appropriate at the time the modeling was prepared for the Draft 
BA/HCP in early 2003. 

• Actual Lake Mead reservoir elevations between January 1, 2003 and the date of 
this evaluation were within the range projected and analyzed in the Draft 
BA/HCP. 

• Re-computation of flows from 1971–1990 resulted in slightly greater natural inflow 
into Lake Powell (an increase of approximately 4 percent of the total natural 
inflow volume over the 20-year period). 

• The lower initial reservoir conditions result in an increased probability of shortage 
conditions under both the Baseline and Action Alternative for the first 25 years. 

• Notwithstanding the lower initial reservoir conditions and updated natural flows, 
the relative differences between Lake Mead elevations under the Baseline and 
Action Alternative1 for the Previous and New Modeling were slight, and 
determined not to be significant. 

• The lower initial reservoir conditions result in a slight reduction in the probability 
of occurrence of flows to Reach 7 under both the Baseline and Action Alternative.  
However, the relative differences between the Baseline and Action Alternative 
under the Previous and New Modeling were similar. 

• Within the 1.574 million acre-feet (maf) limit of reduced flows in the river modeled 
and covered by the LCR MSCP, this analysis identified no additional impacts 
below Hoover Dam in Reaches 3–5. 

• The evaluation based on the updated hydrologic information did not identify any 
significant new environmental impacts or change the conclusions of effect to 
covered species from the previous analyses. 

When dealing with an environmental review process that takes several years, changes in 
hydrologic conditions are inevitable, and the nature of the hydrologic model utilized by 
Reclamation is designed to reflect a variety of future possible outcomes.  For example, 
while the initial elevation for Lake Mead has changed between the Previous Modeling 
(December 31, 2002) and the New Modeling (projected December 31, 2004 conditions), 
this change was within the variability expected in the Previous Modeling, and depicted in 

1 The use of the term “Baseline” (also referred to as “Baseline scenario” in the LCR MSCP BA and HCP)  in 
this document regarding hydrologic modeling refers to the current operations of the LCR and should not be 
confused with the definition of “baseline” as used in the ESA regulations or CEQA.  Similarly, the use of the 
phrase “Action Alternative” (also referred to as “Action Alternative scenario” in the LCR MSCP BA and HCP) 
regarding hydrologic modeling refers to the future operations of the LCR. See Appendix J for further details 
on the modeling assumptions. 
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the Draft BA/HCP.  As a consequence of the above findings, the participating agencies 
have determined that no changes in the Draft BA/HCP assessment of effects of covered 
activities on covered species are required, and a supplemental EIS/EIR is not required. 

3. REGULATORY CONTEXT (NEPA/ESA/CEQA) 

According to Council on Environmental Quality (CEQ) regulations for implementing the 
National Environmental Policy Act (NEPA) (40 Code of Federal Regulations [C.F.R.] 
§1502.9(c)(1)), a Federal agency must prepare a supplement to a Draft EIS if: 

• The Federal agency makes substantial changes in the proposed action that are 
relevant to its environmental effects. 

• There are significant new circumstances or information relevant to the 
environmental concerns that bear on the proposed action or its impacts. 

Similarly, the California Environmental Quality Act (CEQA) (Public Resources Code 
§21000 et seq.) requires the preparation of a subsequent or supplemental EIR if:  

• Substantial changes are proposed in the project which will require revisions of the 
previous EIR. 

• Substantial changes occur with respect to the circumstances under which the 
project is undertaken; or 

• New information is available that results in one or more new significant effects or 
a previously identified effect will be substantially more severe than shown in the 
previous EIR. 

This evaluation is prepared to assist the participating agencies in their determination as to 
whether a supplement to the Draft EIS/EIR is required at this time based on the updated 
hydrologic information and effects analysis.  In addition, the Federal Endangered Species 
Act (ESA) requires use of the best available scientific and commercial data in the 
preparation of a biological assessment (16 U.S.C. §1536(a)(2)).  This evaluation will ensure 
the most accurate analysis by considering the best available and current hydrologic 
information. 

4. CONCERNS RAISED BY PUBLIC COMMENTS 

The impact analysis in the Draft BA/HCP was based, in part, on simulations of possible 
future hydrologic conditions in the Colorado River Basin, including Lake Mead elevations 
and the frequency of surplus and shortage conditions.  These simulations were based 
upon the historic records of flow in the Colorado River Basin compiled over an 85-year 
period (1906 through 1990).   

Several comment letters on the Draft EIS/EIR and Draft BA/HCP suggested that the 
environmental impact analysis and effects analysis for covered species “understate the 
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magnitude of potential effects” because they do not include more current hydrologic 
information from the past few years.  Specifically, two issues were raised: 

1) In 2003, when work on the Draft EIS/EIR and Draft BA/HCP was undertaken, the 
initial conditions (starting elevations for each reservoir) used in the modeling were 
the actual reservoir water surface elevations as of December 31, 2002 (1152 feet 
above mean sea level [msl] for Lake Mead).  Continued drought conditions within 
the Colorado River Basin have resulted in continued decline of the water surface 
elevations of the major system reservoirs since the modeling was prepared 
(projected to be 1123.9 feet msl at Lake Mead as of December 31, 2004). 

2) The period of record used as the input hydrology for the modeling was based on 
the natural flow record that was considered final data at the time of the LCR 
MSCP analysis in the Draft BA/HCP.  The natural flow data, based on the actual 
recorded data for the period between 1906 through 1990, was used for the 
analysis.  The most recent 13 years of record (1991 through 2003) were not 
included in the modeling.  This recent 13-year period includes both high and low 
flow years, including one of the driest four-year periods on record (2000 through 
2003). 

5. RELEVANCE OF THE UPDATED INFORMATION TO ANALYSIS IN 
THE DRAFT BA/HCP 

As stated above, the impact analysis in the Draft BA/HCP was based in part on computer 
model simulations of future possible hydrologic inflows and current and future Lower 
Colorado River (LCR) operations.  The future LCR system operations for two distinct 
operational scenarios (Baseline and the Action Alternative) were simulated with the 
computerized model and the results were compared to determine the relative differences 
and potential impacts that may result from the Action Alternative (which includes the 
covered activities in the LCR MSCP) as compared to the Baseline. 

The following discussion summarizes the different assumptions used in the two modeled 
scenarios.  Further detail is provided in Appendix J, Volume IV of the LCR MSCP 
documents.  The Baseline condition assumes: 1) transfers of up to 400 thousand acre-feet 
(kaf) from below to above Parker Dam by 2051 (consistent with the October 10, 2003 
Colorado River Water Delivery Agreement); 2) Interim Surplus Guidelines (ISG) remain 
in place through 2016 and then revert to “70R”2 (consistent with the January 16, 2001 ISG); 
and 3) shortages are imposed to maintain Lake Mead at or above elevation 1,083 feet 
approximately 80 percent of the time in the future, and additional shortages are imposed 
if needed to protect elevation 1000 feet all of the time.   

2 The term “70R” refers to a particular surplus strategy that is based on avoiding spills at Lake Mead (see ISG 
Record of Decision, Section IV (1), January 16, 2001). 
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The Action Alternative assumes: 1) An additional 1.174 maf of transfers by 2051; 2) 
extension of the ISG through 2051; and 3) shortages are imposed to maintain Lake Mead 
at or above elevation 1050 feet approximately 80 percent of the time in the future, and 
additional shortages are imposed if needed to protect elevation 950 feet all of the time. 

5.1 RESERVOIR INITIAL CONDITIONS 

Simulated future Lake Mead water surface elevations were used in the analysis of 
potential impacts to covered species and their habitats in Reach 1, including 
southwestern willow flycatcher, razorback sucker, humpback chub, sticky 
buckwheat, and threecorner milkvetch.  Lake Mead water surface elevations also 
affect the frequency of occurrence and magnitude of flood control releases, which in 
turn may affect flows in Reach 7.  The evaluation of potential future conditions was 
also used to evaluate the potential frequency of shortage and surplus years on the 
Colorado River.  The computerized model and modeling assumptions use certain 
Lake Mead water surface elevations as triggers to determine the occurrence of 
shortage or surplus water supply conditions.  Surplus and shortage years result in 
greater or lesser releases from Lake Mead, with potential corresponding changes in 
flows of the downstream river reaches (Reaches 2–6). 

Simulations using the current lower reservoir water surface elevations as the initial 
conditions3 show an increase in the probability of lower Lake Mead water surface 
elevations in future years, as well as an increase in the probability of occurrence of 
shortage conditions and the associated reductions in Lake Mead releases.  These 
potential changes in future conditions were used to determine if there are any 
changes in the impacts to covered species and their habitats. 

While the model simulations provide the best available information to analyze 
potential impacts in the future, the model does not provide a prediction as to the 
elevation of Lake Mead at any point in time.  As with most reservoirs, Lake Mead is 
likely to experience a wide range of elevations over the next 50 years. 

5.2 NATURAL FLOWS 

Despite the differences in the operating assumptions for the Baseline and the Action 
Alternative, the future state of the Colorado River system is most sensitive to the 
future inflows.  Predictions of the future inflows, particularly for long-range studies, 
are highly uncertain.  Although the model does not predict future inflows, it can be 
used to analyze future conditions for a range of possible future inflow conditions. 

The possible future inflows used in the Previous Modeling were based on the 
historic record of natural flow in the river system over the 85-year period from 1906 
through 1990.  This was the most up-to-date record that was available at the time of 

3 Initial conditions simply refer to the starting elevations of the reservoir in each of the model runs. 
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the modeling.  In May of 2004, Reclamation updated the available record of natural 
flow.  This update included an extensive review of the natural flows from 1971 
through 1990.  This review resulted in some modifications to the natural flow 
record.  In addition, the record was extended by adding an additional five years, 
1991 through 1995 (see Section 6.2). 

As a result of the updated natural flow record, projections of future reservoir 
elevations and releases from Lake Mead may change.  These potential changes in 
future conditions were used to determine if there are any changes in the previously 
identified impacts to covered species and their habitats as analyzed earlier in the 
Draft BA/HCP.   

While the model simulations provide the best available information to analyze 
potential impacts in the future, the model does not provide a prediction as to the 
volume of future releases from Lake Mead in any given year. 

6. TREATMENT OF UPDATED HYDROLOGIC INFORMATION 

For the purposes of this evaluation, future system conditions were modeled for the 
Baseline and Action Alternative using the updated reservoir initial conditions and 
updated natural flow record4.  All other modeling assumptions (assumptions common to 
both scenarios as well as assumptions specific to one scenario) were identical to those 
described in sections J.6.2 and J.6.3 of Appendix J in the June 18, 2004 version of the LCR 
MSCP Volume IV appendix document.  With the exception of the updated reservoir initial 
conditions (projected for December 31, 2004) the model period in this analysis is the same 
as in the Draft BA/HCP (i.e., through 2051). 

The new model output was evaluated and used to ascertain whether the revisions to the 
model and modeling assumptions provide different results from the previous impact 
analysis and effect determinations in the Draft BA/HCP. 

4 Reclamation utilized recorded hydrological data compiled over the past century in the Draft BA/HCP. 
Public comments received on these documents suggested that Reclamation utilize estimates of hydrologic 
conditions that predate the flow record of the past century. Comments also suggested that Reclamation 
predict the effect of climate change on flows in the Colorado River.  Reclamation believes that use of the actual 
data recorded over the past century provides the best basis for ongoing Colorado River management activities 
and analyses associated with those activities.  Accordingly, Reclamation has not modified this approach in 
this evaluation or in the Final BA/HCP.  If Reclamation were to use a different modeling approach in the 
analysis of the LCR MSCP, it would conflict with all of the other Colorado River management actions and 
analyses that Reclamation has taken and is currently taking.  It is important to note that by periodically 
including additional hydrologic data, Reclamation will account for changes related to runoff patterns and or 
human demand.  While these particular comments focused on potential affects of climate change on inflows 
into the Colorado River, this is just one of many variables that may affect runoff and demand within the 
Colorado River basin.  Attempting to predict global changes in climate, shifts in demographic patterns, and 
other factors affecting Colorado River hydrology are far more speculative than Reclamation’s reliance on 
actual annual hydrologic data. 
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For the purposes of discussion and comparison of the modeling results, the modeling  
conducted as part of the previous impact analysis is hereinafter referred to as the 
“Previous Modeling.”  The new model runs that were conducted specifically for this 
evaluation and that reflect the projected December 31, 2004 reservoir initial conditions  
and the updated natural flow record period between 1906–1995  is hereinafter referred to 
as the “New Modeling.” 

The revisions to the model are detailed below. 

6.1  RESERVOIR  INITIAL CONDITIONS  
A comparison of the previous and updated initial reservoir conditions is presented 
in Table 1.  Use of the December 31, 2002 Lake Mead elevation was appropriate at 
the time the modeling for the Draft BA/HCP was prepared during 2003 (Previous 
Modeling), as it represented the most recent actual end of the year data. 

The updated initial reservoir starting conditions for this evaluation (New Modeling) 
are based on the actual elevations of Colorado River reservoirs as of September 30, 
2004.  Reclamation’s mid-term operations model (the 24-Month Study) was used to 
project these elevations to December 31, 2004, using projected operations for the 
remainder of the 2004 calendar year that include projected unregulated inflows into 
the Upper Basin, as well as projected inflows and demand schedules for the Lower 
Basin. 

As depicted in Table 1, the new initial reservoir conditions on Lake Mead are 
approximately 28 feet lower than the previous initial reservoir conditions.   

Table 1 
Comparison of Previous and New Modeled Initial Reservoir Conditions 

Previous Initial Reservoir 
Conditions  New Initial Reservoir Conditions 

(midnight, December 31, 2002) (midnight, December 31, 2004) 
Water Surface Water Surface 

Elevation  Storage Elevation  Storage 
Reservoir (feet msl) (kaf) (feet msl)  (kaf) 
Fontenelle 6487.79 213 6485.47 199
Flaming Gorge  6009.71 2,632 6012.06 2,709 
Taylor Park 9288.42 41 9307.52 66 
Blue Mesa 7444.59 283 7480.47 509 
Morrow Point  7150.72 110 7153.73 112 
Crystal 6742.41 14 6746.05 15
Navajo 6010.55 827 6017.93 893
Powell 3620.10 13,774 3565.19 8,724
Mead 1152.13 16,718 1123.93 13,744
Mohave 642.27 1,679 638.71 1,583
Havasu 446.21 547 445.80 539
Total system Not 36,838 Not Applicable  29,093 
storage Applicable 
Note:  msl = above mean sea level; kaf = thousand acre-feet 
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6.2 NATURAL FLOWS 

The term “natural flow” is defined as the observed flow, corrected for upstream 
consumptive uses and the effects of upstream reservoirs.  In May 2004, Reclamation 
updated the available historic record of natural flow for all 29 inflow points 
represented in the model.  This update included an extensive review of the 1971– 
1990 Upper Basin consumptive uses and reservoir regulation.5  Some errors and 
omissions were corrected and the natural flows were re-computed for that period.  
In addition, the consumptive uses and reservoir regulation records were completed 
and reviewed for the 1991–1995 period and natural flows were computed through 
1995.  In order to include the most recent and accurate information in this 
evaluation, this updated natural flow information was included in the New 
Modeling. 

Figure 1 compares the previous and updated records of natural inflow to Lake 
Powell for 1971–1995.  The re-computation over the period 1971–1990 resulted in 
somewhat higher natural flows than were previously published (an increase of 
approximately 10.9 maf or about 4 percent of the total volume for that 20-year 
period). 

These data were used as input to the Index Sequential Method (ISM) to obtain a 
range of possible future inflows (see Section J.6.6 of Appendix J).  The ISM in the 
Previous Modeling resulted in 85 separate simulations (referred to as “traces”) for 
each operating scenario that was analyzed.  The inclusion of the updated natural 
flow record period (1906–1995) now results in 90 separate simulations or traces for 
each operating scenario. 

The most recent eight years of record (1996–2003), which includes one of the driest 
four-year periods on record, were not included in the modeling for this evaluation 
because the natural flow analysis has not been completed for these years.  The 
records of consumptive use in the Upper Basin for 1996–2000 are currently only 
available in provisional form and the resulting natural flows have not been 
thoroughly peer reviewed.  Because of this, Reclamation determined that the 
provisional data should not be used for evaluation of potential environmental 
impacts.  Furthermore, consumptive uses in the Upper Basin for 2001–2003 are 
currently not available.  It should be noted that even if the most recent eight years of 
record were included, no substantial changes to the future conditions would be 
expected, since the eight years includes years of above-average flow, as well as 
below-average flow.  The historic record used by Reclamation in its hydrologic 
modeling includes periods of low flow on the Colorado River that are similar to the 

5 This extensive review was conducted by Reclamation’s Upper and Lower Colorado Region modeling staff, 
the Work Group of the Colorado River Salinity Control Forum, and water resources staff from each of the 
seven Colorado River Basin states, as well as by peer review of articles submitted for publication to 
appropriate refereed technical journals. 
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current drought.6 Moreover, if additional low-flow years were added to the data 
used for the hydrologic modeling, the lowest expected elevation of Lake Mead 
would not change, because Reclamation’s modeling assumptions for management of 
Lake Mead is designed to prevent Lake Mead from declining below 950 feet msl.7  
The records being provided and used comprise the most current and best available 
information at the time of this evaluation.8  
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Figure 1 
Previous and Updated Natural Flow Record 
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6.3  DATA INTERPRETATION PROCEDURES  
As previously stated, the model generates 85 traces for the Previous Modeling or 90 
traces for the New Modeling using the ISM.  For a given point in time (e.g., year 

                                                           
6    For example, the following periods of low flow are included in the historic record: 1931-1935 (5 year 
average: 11.4  maf); 1953-1956 (4 year average: 10.2 maf); 1959-1964 (6 year average: 11.4 maf); 1988-1992 (5 
year average: 10.9 maf).  Current estimates of the most recent five years of  data, 2000-2004 show that the 5 
year average is 9.9 maf.    
7   For a full discussion of the modeling assumptions regarding Lake Mead elevation management strategies, 
see Appendix J, Section 6.1.  

8 Reclamation continuously reviews its processes for determining the consumptive uses throughout the Upper 
Basin (in cooperation with the Upper Basin States) and is committed to identifying improvements that when 
implemented, should allow for the collection, analysis, and publication of Upper Basin consumptive uses and  
natural flows on a more frequent basis. 
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2010) and for each variable (e.g., Lake Mead elevation), there are 85 or 90 possible 
outcomes for that variable.  Various statistical and numerical techniques can be 
applied to those outcomes and used for the subsequent hydrologic and resource 
impact analyses. 

For example, Figure 2 shows three of the 85 traces for Lake Mead elevation under 
the Baseline for the Previous Modeling (traces 20,  47, and 77).  Recall that each trace 
represents the projection for a particular future inflow scenario and a comparison of 
the traces illustrates the variability in future Lake Mead elevations.  However, none 
of the traces is a prediction of future Lake Mead elevations.  The highs and lows 
shown in the three traces would likely be temporary conditions and the reservoir 
level would be expected to fluctuate within the ranges shown.  Neither the timing of  
water level variations between the highs and lows, nor the length of time the water 
level would remain high or low can be predicted.  

W
at

er
 S

ur
fa

ce
 E

le
va

tio
n,

 F
ee

t 

1060 

1040 

1020 

1000 

980 

960 

940 
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 

Calendar Year (End of Year) 

Baseline 

90th Percentile 

75th Percentile 

10th Percentile 

25th Percentile 

50th Percentile 

Trace 20 

Trace 47 

Trace 77 

Figure 2 
Lake Mead End-of-December Water Elevations under Baseline (Previous Modeling)— 
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A common analysis technique simply ranks the possible outcomes at each time (in 
this example, the end-of-December Lake Mead  elevations for each year) and uses the 
ranked outcomes to compute other statistics of interest.  For example, if end-of-
December Lake Mead elevations are ranked for each year, the median outcome for a 
given year is the elevation for which half of the values are below and half are above.  
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This outcome is therefore referred to as the “median value” or the “50th percentile 
value.”  Similarly, the elevation for which 25 percent of the values are less than or 
equal to in a given year, is denoted as the 25th percentile value.  Several 
presentations of the ranked data are then possible.  A graph (or table) may be 
produced that compares the 75th percentile, 50th percentile, and 25th percentile 
outcomes from both the Previous and New Modeling.  In addition to the three traces 
noted above, the 10th, 25th, 50th, 75th, and 90th percentile lines derived from all 85 
traces are also shown on Figure 2. 

Again, it must be noted that a specific percentile line is not the result of any one 
future hydrologic inflow scenario, nor is it a prediction of future reservoir 
elevations.  A simple interpretation of the 25th percentile shown in Figure 2 is that in 
a given year (e.g., 2010), Lake Mead elevations are likely to be above the 25th 

percentile value (approximately 1095 feet) with a 75 percent probability.  This 
interpretation is based on the assumption that the flow sequences seen in the 
historical record will be repeated in the future, as assumed by the ISM. 

7. ANALYSIS OF UPDATED HYDROLOGIC INFORMATION ON 
BIOLOGICAL RESOURCES 

The potential effects of the updated information on future LCR reservoir and river 
operations conditions were evaluated.  This evaluation is consistent with those previously 
conducted and is intended to provide an indication as to whether the updated hydrologic 
information has an effect on the previous impact analysis in the Draft BA/HCP.  In 
particular, this evaluation was conducted to determine: 

• effect on Lake Mead water surface elevations, 

• effect on the river corridor (Reaches 3–5), and 

• effect on flows to Reach 7. 

For each of these three topic areas, this section presents: 1) a summary of the results from 
the previous hydrologic modeling, 2) a summary of the results from the new hydrologic 
modeling, 3) a comparison of the new to previous hydrologic modeling results, and 4) an 
analysis of the effect of the new hydrologic modeling on biological resources. 

The biological resources analysis in this section describes potential effects to habitats 
utilized by those covered species that are potentially affected by the updated hydrologic 
information.  The habitat types (i.e., riparian, marsh, etc.,) considered are consistent with 
the analysis in the Draft BA/HCP. 

In evaluating the effect of the updated hydrologic information, this evaluation focuses on 
the difference between the Baseline and Action Alternative for the Previous Modeling as 
compared to the New Modeling.  However, the evaluation also considers the context in 
which these differences occur.  For example, consider a comparison of the differences 
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between the median Lake Mead water surface elevations under the Action Alternative 
and Baseline for a particular year.  Assume that under the Previous Modeling, the 
analysis indicated that the median water surface elevation under the Action Alternative 
was 10 feet lower than under the Baseline.  Further assume that the new analysis 
indicated that the water surface elevation under the Action Alternative would be 15 feet 
lower than under the Baseline for that particular year.  This evaluation considers not only 
the incremental 5-foot difference in the median Lake Mead elevation, but also whether 
that difference may have additional impacts because it occurs at a lower elevation in the 
reservoir. 

7.1 EFFECT ON LAKE MEAD WATER SURFACE ELEVATIONS 

As discussed in Appendix J, the covered activities would have no effect on the 
operation of Lake Mohave, Lake Havasu, or Imperial Dam.  Therefore, the only 
reservoir system conditions that were previously analyzed are the Lake Mead water 
levels.  The previous analysis of potential effects of the LCR MSCP on Lake Mead 
water levels was summarized in Appendix J, Section J.6. 

The previous analysis provided a comparison of the results of the future Lake Mead 
water level simulations for the Baseline and the Action Alternative.  A similar 
analysis was conducted based on the New Modeling. 

For comparison purposes, lake levels are presented on an annual basis using water 
levels at the end of December for each year. 

7.1.1 Results from Previous Hydrologic Modeling 
Figure 3 presents a comparison of the 75th, 50th, and 25th percentile lines 
obtained for the Baseline to those obtained for the Action Alternative under 
the Previous Modeling.  These lines represent the respective 75th, 50th, and 25th 

percentile values of the 85 traces (simulations) for each respective year.  

As illustrated in Figure 3, median Lake Mead elevations under the Baseline 
and Action Alternative decline throughout the period of analysis.  This is due 
to the effect of increasing Upper Basin depletions, which decreases the 
probability of equalization releases from Lake Powell over time.  Figure 3 also 
illustrates that up to 2020, median elevations are higher under the Action 
Alternative when compared to the Baseline (an average of approximately 
5.3 feet higher over the period 2003–2020).  As noted in Appendix L, Volume 
IV of the LCR MSCP documents, this result can be attributed to the 
implementation of water transfers under the Action Alternative that reduce the 
call for surplus water from Lake Mead, resulting in somewhat higher Lake 
Mead levels.  After 2020, at the median level, the positive effect due to the 
transfers is outweighed by the effects of extending the ISG to 2051 and 

Section III LCR MSCP Comments and Responses – December 2004 
Page 14 



lowering the shortage strategy (an average difference of approximately –6.7 
feet over the period 2021–2050). 

7.1.2  Results from New Hydrologic Modeling 
Figure 4 presents a comparison of the 75th, 50th, and 25th percentile lines 
obtained for the Baseline to those obtained for the Action Alternative under 
the New Modeling.  These lines represent the respective 75th, 50th,and 25th  
percentile values of the 90 traces (simulations) for each respective year. 

As illustrated in Figure 4, the 75th, 50th, and 25th  percentile lines for both the 
Baseline and Action Alternative begin at a lower elevation than that shown in  

 
  

  

Figure 3 
Previous Modeling 

Lake Mead End-of-December Water Elevations 
Comparison of Baseline to Action Alternative  

for 75th, 50th, and 25th Percentile Values 
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Figure 3 (Previous Modeling), which is due to the lower Lake Mead initial 
reservoir conditions.  Recall that for the Previous Modeling, the initial 
reservoir water surface elevation was 1152.13 feet above mean sea level (msl) 
(December 31, 2002) and for the New Modeling, the initial water surface 
elevation was 1123.93 feet msl (December 31, 2004), a difference of about 28 
feet. 

Figure 4 shows that the median Lake  Mead elevations under the modeled 
Baseline and Action Alternative decline through year 2010, then increase  
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Figure 4 
New Modeling 

Lake Mead End-of-December Water Elevations 
Comparison of Baseline to Action Alternative  
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through year 2027, and remain generally level thereafter.  The decline in 
median Lake Mead elevations resulting from increasing Upper Basin 
depletions (shown in Figure 3 for the 50th percentile) does not occur under the 
New Modeling.  This is because the probability of equalization in the near term 
is less due to the lower starting elevations at both Lake Powell and Lake Mead.  
Therefore, the effect of increasing Upper Basin depletions is negligible in the 
near term.  The median Lake Mead elevations under the Action Alternative are 
generally lower than under the Baseline until about 2044, whereas thereafter, 
they are approximately the same.  Through year 2010, the median Lake Mead 
elevations under the Action Alternative are, on average, approximately 4 feet 
lower than those under the Baseline.  Between years 2010 and 2040, the median 
Lake Mead elevations under the Action Alternative are an average of 
approximately 10 feet lower than those under the Baseline. 
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7.1.3 Comparison of Previous and New Hydrologic Modeling  
This section provides a comparison of New and Previous Modeling results. 

Figure 5 provides a graphical comparison of the 75th, 50th, and 25th percentile 
lines obtained for the Baseline and Action Alternative under the New and 
Previous Modeling.  A similar comparison in tabular format is provided in 
Table 2. 

As previously noted, the median Lake Mead elevations for both the Baseline 
and Action Alternative under the New Modeling begin at a lower elevation 
than those under the Previous Modeling due to the lower initial reservoir 
conditions9. 

In Table 3, the relative differences due to the updated information are 
compared.  Columns 2–4 and Columns 5–7 of Table 3 compare the differences 
between the 75th, 50th, and 25th percentile values obtained under the Baseline 
and Action Alternative under the Previous and New Modeling, respectively.  
In Columns 8–10 of this same table, the relative differences between the New 
and Previous Modeling results are compared. 

As shown in Table 3, differences between the Baseline and Action Alternative 
median Lake Mead water surface elevations under the New Modeling are 
somewhat greater than those under the Previous Modeling.  These differences 
are greater between years 2006 and 2024.  During this period, the maximum 
difference is 29 feet and the average is approximately 11 feet.  Contributing to 
these differences is the fact that under the Previous Modeling, the Action 
Alternative provided higher median Lake Mead water surface elevations than 
under the Baseline (see Figure 3 for the 50th percentile).  As noted above and 
described in Appendix L, this result is due to the reduced need for surplus 
water attributed to the implementation of water transfers.  Under the New 
Modeling, this effect is negated as a result of the lower initial reservoir 
conditions (i.e., the Lower Basin is not in surplus as often in the years up to 
2024). 

9 Notwithstanding the lower initial conditions reflected in the New Modeling, actual Lake Mead elevations 
between January 1, 2003 and the date of this analysis were within the range projected in the Draft BA/HCP 
based on Previous Modeling. 
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Figure 5 
Comparison of New to Previous Modeling Results 

Lake Mead End-of-December Water Elevations 
for 75th, 50th,and 25th Percentile Values 
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Table 2 
Comparison of Lake Mead End-of-December Water Elevations (feet msl) 

Under Previous and New Modeling  for  75th, 50th,  and 25th Percentiles Values  
 Previous Modeling   New Modeling  
  Action  

Baseline  Action Alternative  Baseline  Alternative   
[1]  [2] [3] [4] [5] [6] [7]  [8] [9] [10] [11] [12] [13] 

 25th  50th  75th  25th  50th  75th   25th  50th  75th  25th  50th  75th  
Year  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  Percentile  
2003  1,140  1,142  1,147  1,142  1,144  1,149               
2004  1,129  1,135  1,152  1,132  1,137  1,155               
2005  1,119  1,135  1,158  1,123  1,137  1,161   1,115  1,117  1,121  1,115  1,117  1,121  
2006  1,112  1,134  1,165  1,116  1,139  1,168   1,101  1,108  1,114  1,100  1,108  1,115  
2007  1,104  1,128  1,172  1,108  1,136  1,177   1,090  1,099  1,123  1,087  1,098  1,123  
2008  1,100  1,132  1,178  1,100  1,138  1,184   1,081  1,095  1,135  1,073  1,088  1,136  
2009  1,096  1,133  1,185  1,099  1,140  1,188   1,073  1,093  1,149  1,064  1,083  1,148  
2010  1,093  1,135  1,185  1,088  1,139  1,190   1,067  1,086  1,159  1,058  1,079  1,157  
2011  1,089  1,133  1,181  1,081  1,136  1,189   1,059  1,090  1,166  1,050  1,081  1,167  
2012  1,088  1,131  1,184  1,083  1,135  1,191   1,056  1,090  1,173  1,045  1,081  1,176  
2013  1,089  1,125  1,186  1,076  1,132  1,191   1,054  1,096  1,173  1,044  1,078  1,177  
2014  1,084  1,115  1,186  1,076  1,125  1,191   1,049  1,094  1,178  1,042  1,085  1,183  
2015  1,076  1,119  1,190  1,069  1,125  1,192   1,040  1,097  1,180  1,031  1,079  1,181  
2016  1,077  1,115  1,190  1,070  1,130  1,193   1,035  1,090  1,181  1,028  1,076  1,184  
2017  1,076  1,120  1,191  1,067  1,128  1,193   1,033  1,097  1,185  1,021  1,082  1,187  
2018  1,070  1,116  1,194  1,059  1,123  1,193   1,027  1,102  1,189  1,017  1,091  1,188  
2019  1,067  1,115  1,190  1,054  1,120  1,191   1,020  1,105  1,191  1,009  1,094  1,191  
2020  1,062  1,114  1,193  1,057  1,119  1,193   1,018  1,104  1,193  1,009  1,089  1,193  
2021  1,058  1,117  1,193  1,053  1,117  1,192   1,019  1,096  1,191  1,003  1,088  1,191  
2022  1,053  1,113  1,196  1,049  1,105  1,193   1,018  1,110  1,193  995  1,089  1,192  
2023  1,051  1,113  1,194  1,046  1,109  1,193   1,018  1,108  1,193  989  1,091  1,192  
2024  1,054  1,113  1,192  1,058  1,109  1,193   1,019  1,105  1,194  991  1,089  1,193  
2025  1,062  1,115  1,193  1,056  1,109  1,192   1,019  1,103  1,194  989  1,094  1,193  
2026  1,057  1,115  1,193  1,048  1,108  1,192   1,032  1,105  1,191  1,021  1,098  1,193  
2027  1,056  1,115  1,194  1,057  1,110  1,193   1,036  1,112  1,193  1,025  1,104  1,193  
2028  1,057  1,118  1,194  1,058  1,110  1,193   1,035  1,112  1,193  1,021  1,104  1,192  
2029  1,051  1,121  1,194  1,054  1,110  1,192   1,039  1,116  1,194  1,017  1,103  1,192  
2030  1,050  1,118  1,194  1,043  1,107  1,192   1,038  1,116  1,193  1,017  1,104  1,191  
2031  1,044  1,116  1,193  1,040  1,110  1,192   1,032  1,114  1,193  1,010  1,103  1,191  
2032  1,035  1,115  1,193  1,037  1,110  1,192   1,028  1,112  1,193  1,006  1,104  1,191  
2033  1,034  1,114  1,191  1,034  1,104  1,192   1,027  1,113  1,193  1,009  1,104  1,191  
2034  1,028  1,112  1,191  1,028  1,104  1,191   1,018  1,110  1,193  1,004  1,103  1,192  
2035  1,018  1,114  1,191  1,018  1,104  1,190   1,017  1,108  1,192  1,002  1,102  1,191  
2036  1,033  1,115  1,192  1,035  1,104  1,190   1,017  1,109  1,192  999  1,102  1,191  
2037  1,035  1,113  1,191  1,037  1,103  1,190   1,014  1,110  1,192  995  1,104  1,189  
2038  1,047  1,112  1,193  1,043  1,103  1,190   1,014  1,113  1,191  1,000  1,103  1,186  
2039  1,050  1,111  1,191  1,045  1,101  1,189   1,017  1,111  1,191  1,004  1,102  1,184  
2040  1,045  1,112  1,191  1,043  1,103  1,190   1,018  1,111  1,190  1,023  1,102  1,186  
2041  1,038  1,109  1,190  1,041  1,101  1,188   1,018  1,109  1,190  1,027  1,103  1,185  
2042  1,049  1,110  1,187  1,045  1,104  1,188   1,017  1,108  1,189  1,026  1,103  1,184  
2043  1,052  1,106  1,188  1,047  1,102  1,186   1,017  1,106  1,189  1,022  1,102  1,185  
2044  1,054  1,105  1,187  1,048  1,102  1,185   1,022  1,103  1,190  1,033  1,102  1,184  
2045  1,052  1,103  1,187  1,048  1,101  1,183   1,033  1,104  1,188  1,042  1,101  1,182  
2046  1,049  1,105  1,187  1,047  1,100  1,182   1,047  1,101  1,187  1,042  1,100  1,179  
2047  1,046  1,104  1,186  1,045  1,098  1,181   1,047  1,104  1,185  1,040  1,101  1,180  
2048  1,044  1,104  1,185  1,038  1,101  1,180   1,040  1,104  1,185  1,038  1,102  1,179  
2049  1,040  1,104  1,185  1,037  1,101  1,178   1,039  1,104  1,185  1,035  1,103  1,176  
2050  1,037  1,104  1,185  1,036  1,102  1,177   1,039  1,104  1,183  1,036  1,101  1,176  
2051  1,032  1,104  1,186  1,033  1,102  1,175   1,035  1,104  1,184  1,035  1,101  1,174  

Note:  msl = above mean sea level 
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Table 3 
Comparison of Differences Between Previous and N ew Modeling  Results 

Lake Mead End-of-December Water Elevations10 (feet msl) 
75th, 50th,  and 25th Percentiles Values 

 Previous Modeling   New Modeling  
Differences11 Between  Differences5 Between Differences5 Between 

 Baseline and Action Alternative Baseline and Action Alternative New to Previous Modeling 
[1]  [2] [3] [4]  [5] [6] [7]  [8] [9] [10] 

 25th  50th  75th   25th  50th  75th   25th  50th  
Year Percentile Percentile Percentile Percentile Percentile Percentile Percentile Percentile 75th Percentile 
2003  2  2  2                
2004  3  2  3                
2005  4  2  3   (0) 0   (0)  (4) (2) (3) 
2006  4  5  3   (0) (0) 1    (4) (5) (3) 
2007  5  8  5   (3) (1) (0)  (8) (9) (5) 
2008  0  6  6   (8) (7) 1    (8) (12)  (5) 
2009  2  7  3   (8) (10)  (1)  (11) (16)  (3)  
2010  (5) 5   5    (9) (7) (1)  (4) (12)  (6) 
2011  (7) 3   9    (9) (9) 1    (1) (13)  (8) 
2012  (5) 5   7    (11) (9) 3    (7) (13)  (3) 
2013  (13)  8  5   (10) (18)  4   3  (26)  (1)  
2014  (8)  10  5   (7) (9) 5    2  (19)  (0)  
2015  (7) 6   2    (9) (18)  1    (2) (24)  (1) 
2016  (8)  15  4   (7) (14)  3    1  (29)  (1)  
2017  (9) 8   1    (12) (15)  2   (3) (22)  1   
2018  (11) 7  (1)   (10) (11)  (1)   1  (18)  (0)  
2019  (13)  4  1   (11) (11)  (0)   1  (15)  (1)  
2020  (5) 5   (1)  (8) (15)  (1)  (3) (20)  0   
2021  (5) 0   (1)  (17) (8) 0    (12) (9) 2   
2022  (4) (8) (3)  (23) (21)  (1)   (20) (14)  2  
2023  (5) (4) (1)  (29) (17)  (1)   (24) (13)  (0)  
2024  3   (4) 1    (28) (16)  (1)   (32) (12)  (2)  
2025  (6) (6) (1)  (30) (9) (1)  (25) (3) (0) 
2026  (10) (7) (1)  (11) (7) 1    (1) (0) 2   
2027  1   (6) (1)  (12) (9) (0)  (13) (3) 1   
2028  2   (8) (1)  (14) (8) (1)  (16) (1) 0   
2029  3  (11)  (2)   (22) (12)  (2)   (26) (1) (0) 
2030  (6) (12)  (2)  (20) (12)  (2)   (14) (0) 0   
2031  (4) (6) (1)  (21) (11)  (2)   (18) (5) (1) 
2032  2   (6) (1)  (22) (8) (2)  (23) (2) (1) 
2033  1   (9) 0    (17) (9) (2)  (18) (0) (2) 
2034  0   (9) (0)  (14) (7) (1)  (14) 2  (1)  
2035  (0) (10)  (1)  (15) (5) (1)  (15) 5  (0)  
2036  2  (11)  (2)   (18) (6) (1)  (20)  5  0  
2037  2  (10)  (1)   (19) (7) (3)  (22) 3  (2)  
2038  (4) (10)  (2)  (14) (10)  (5)   (10) 0  (3)  
2039  (5) (9) (2)  (13) (8) (6)  (8) 1   (5) 
2040  (2) (9) (2)  5   (9) (4)  7   (0) (2) 
2041  3   (8) (2)  9   (7) (6)  6  1  (4)  
2042  (5) (5) 0    8   (5) (5)  13   (0) (5) 
2043  (5) (4) (3)  6   (4) (4)  11  0  (2)  
2044  (6) (3) (3)  10   (1) (6)  16  2  (3)  
2045  (5) (2) (4)  9   (4) (6)  13   (1) (3) 
2046  (2) (5) (6)  (4) (1) (8)  (3) 4   (2) 
2047  (2) (6) (5)  (7) (3) (5)  (5) 3   (0) 
2048  (5) (4) (4)  (2) (2) (6)  4  1  (2)  

                                                           
10 Although the modeling results are at a high precision,  differences presented in this table reflect rounding to 
the nearest integer value. 
11 The differences between the Baseline and Action Alternative were calculated by  subtracting Baseline Value 
from the Action Alternative Value and the differences between the New and Previous Modeling conditions 
were calculated by subtracting the Previous  Modeling Value from the New Modeling Value. 
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2049  (2) (3) (7)  (4) (1) (9)  (1) 2   (2) 
2050  (2) (2) (7)  (3) (3) (7)  (1) (1) 0   
2051  1   (2) (11)   (0) (3) (10)   (1) (2) 1   

Note:  msl = above mean sea level 

7.1.4  Analysis of Effect on Biological Resources  

7.1.4.1  Riparian Vegetation 
The operation of Lake Mead is analogous to a natural ecosystem with 
cycles of riparian vegetation growth and loss, particularly in the delta 
areas of the Virgin River, Muddy River, and Colorado River as it exits 
the Grand Canyon.  However, these cycles that include scouring of 
vegetation may occur with different frequency than on a natural stream  
system.12  

The Lake Mead delta areas have a great potential for use by a large and 
diverse number of avian species, but are limited in their importance 
due to their ephemeral nature.  This ephemeral riparian vegetation that 
establishes in these delta areas can provide habitat for many bird 
species, including covered species, such as the southwestern willow 
flycatcher, yellow warbler, summer tanager, and Bell’s vireo, and is 
used for breeding, migration stopover, and as wintering habitat.  As 
riparian vegetation develops as habitat for these species, their 
abundance and productivity rises substantially.  Conversely, as 
vegetation dries out when reservoir elevations decline, or is inundated 
when elevations rise, species abundance and productivity decrease 
(Braden, et al. unpublished data 2002).  This ephemeral habitat, thus, 
has a high productivity value and is beneficial to riparian-associated 
species when it is present. 

Habitat in the delta areas may consist of (1) predominantly native 
willow, (2) predominantly exotic saltcedar (tamarisk sp.) or (3) mixed 
native willow/exotic saltcedar.  The Colorado River delta has 
previously produced a vegetation community largely composed of 
native willow with relatively little saltcedar (McKernan 1997).  A major 
factor governing the types of riparian vegetation that could establish is 
the timing of when sediments suitable for establishment of riparian 

                                                           
12 As more fully  described in Chapter 2 of the  Draft BA, Lake Mead elevations  are driven by downstream 
water use needs and Glen Canyon Dam releases, except  when the Lake Mead Water Control Manual for  Flood 
Control dictates operations.  Glen Canyon releases are primarily a function of operation for delivery of water 
from Lake Powell in accordance with the Colorado River Compact, and Hoover Dam releases are primarily a 
function of non-discretionary water deliveries from Lake Mead to the lower Division States and Mexico.  Thus  
Reclamation has very  limited discretion over the management of reservoir levels in Lake  Mead, and lake  
levels may fluctuate greatly (see discussion of Reclamation’s discretion found in Chapter 2 of the Draft BA).  
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vegetation are exposed.  Willow-dominated communities have become 
established in the deltas of Lake Mead only when declining reservoir 
elevations have coincided with the timing of willow seed dispersal.  
During periods when reservoir elevations have declined before or after 
the willow seed dispersal period, saltcedar-dominated riparian 
communities have become established (see Appendix M, Section 
M.5.3).  Cottonwoods and willows that do become established when 
reservoir elevations decline could be lost if reservoir elevations 
continue to decline and groundwater elevations drop below their root 
depths.  Conversely, riparian vegetation that becomes established on 
exposed sediments would be inundated and lost during wetter periods 
when Lake Mead reservoir elevations rise. 

For example, while from 1990–1996 Lake Mead reservoir levels 
remained within a relatively narrow 1170–1200-foot range, creating 
dense stands of willow habitat (approximately 1000 acres) (McKernan 
and Braden 1998), the levels from 2000–2004 dropped nearly three 
times as much (from 1214–1125 feet), creating a delta that does not 
today support the same dense habitat and has created an environment 
in which the willows and even saltcedar are rapidly dying (USBR 
unpublished data 2004).  This would suggest that a sustained lake level 
would create the best-suited habitat for the LCR MSCP covered bird 
species, and that extreme rises or falls in reservoir elevations would not 
support covered species habitat in the Lake Mead delta areas.  As lake 
levels continue to drop, new delta habitat may form lower in the lake.  
This would be limited by soil conditions in submerged portions of the 
Lake Mead shoreline because most of the shoreline does not have the 
soil types necessary for the establishment of riparian vegetation.  The 
extent of riparian vegetation that could establish as reservoir elevations 
decline, however, cannot be predicted. 

The Previous Modeling for Lake Mead, including the Baseline and the 
Action Alternative, show the median elevations of the lake declining 
over the modeled period due to increasing Upper Basin depletions (see 
Figure 3).  The probability of water levels historically used for 
vegetation establishment and survival therefore decreases over the 
term of the LCR MSCP.  It is not clear whether similar areas of 
vegetation will establish and survive at lower levels.  It may be that 
covered species habitats over time become more limited in the delta 
areas as the probability for lower lake levels increases.  Under the 50th 

percentile (Figure 5), because of the lower Lake Mead initial conditions, 
the New Modeling indicates an increased probability of lower lake 
elevations until year 2024 (as compared to the Previous Modeling) and 
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thereafter the probabilities are approximately the same.  This would 
indicate that, during the first 25 years, the probabilities for covered 
species habitat establishment may be slightly more limited in those 
years.  At the 25th percentile there is a greater reduction in reservoir 
elevation between the Baseline and Action Alternative under the New 
Modeling as compared to the Previous Modeling.  In addition, this 
relative reduction in elevation under the New Modeling could extend 
to 2045 compared to 2020 under the Previous Modeling.  At the 75th 

percentile, differences between the New and Previous Modeling are 
evident only during the first 10 years of the modeled period.  Overall, 
the habitat quantity and quality would not be significantly different 
over the 50-year period. 

Results of the New Modeling indicate that the impacts of implementing 
the covered activities on covered species that use riparian vegetation in 
the delta areas of Lake Mead would not be measurably different from 
those described in the Draft BA/HCP under the Previous Modeling.  
This is because the impact mechanisms associated with the creation 
and loss of riparian vegetation are the same under the New and 
Previous Modeling, the only difference being that riparian vegetation 
could be established at lower elevations under the New Modeling.  The 
extent of exposed soils suitable for establishment of riparian vegetation 
could be slightly less, however, at lower elevations. 

7.1.4.2 Marsh Vegetation 
Ephemeral marsh vegetation can periodically establish at inflow points 
of Lake Mead (e.g., Lake Mead delta, Virgin River delta, Muddy River 
delta, Las Vegas Wash),  when Lake Mead water surface elevations are 
below full pool elevation.  This ephemeral marsh vegetation can 
provide nesting and dispersal habitat for marsh-associated wildlife, 
including the Yuma clapper rail and western least bittern covered 
under the LCR MSCP.  Habitat that does become established when 
reservoir elevations decline could be lost if reservoir elevations 
continue to decline and groundwater elevations drop below the rooting 
depths of emergent vegetation.  Marsh vegetation that does become 
established on exposed sediments would be inundated and lost during 
wetter periods, when Lake Mead reservoir elevations rise.  The extent 
of habitat and attendant species benefits that could be periodically 
created and subsequently lost as a result of changes in reservoir 
elevations over the term of the modeling cannot, however, be predicted 
based on the available information. 
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As described in Section 7.1.4.1, for riparian vegetation, it is likely that a 
sustained lake level would create the best-suited habitat for marsh-
associated LCR MSCP covered bird species, and that rises or falls in 
reservoir elevations would not support covered species habitat in the 
Lake Mead delta areas. Because the rooting depth of emergent 
vegetation is shallow relative to riparian trees, however, marsh 
vegetation could be affected by less extreme reductions in reservoir 
elevations than would be required to desiccate woody riparian 
vegetation.  When lake levels drop, new marsh vegetation may form 
lower in the lake.  This would be limited because most of the shoreline 
does not have the soil necessary for the establishment of marsh 
vegetation.  The extent of marsh vegetation that could establish as 
reservoir elevations decline, however, cannot be predicted.  Under the 
50th percentile (Figure 5), because of the lower Lake Mead initial 
conditions, the New Modeling indicates an increased probability of 
lower lake elevations until year 2024 (as compared to the Previous 
Modeling) and thereafter the probabilities are approximately the same. 
This would indicate that during the first 25 years, the probabilities for 
the establishment of marsh vegetation that provides covered species 
habitat may be slightly more limited.  At the 25th percentile there is a 
greater reduction in reservoir elevation between the Baseline and 
Action Alternative under the New Modeling as compared to the 
Previous Modeling.  In addition, this relative reduction in elevation 
under the New Modeling could extend to 2045 compared to 2020 under 
the Previous Modeling.  At the 75th percentile, differences between the 
New and Previous Modeling are evident only during the first 10 years 
of the modeled period.  Overall, the extent and value of marsh 
vegetation that could provide covered species habitat under the New 
Modeling would not be significantly different than under the Previous 
Modeling. 

Results of the New Modeling indicate that the impacts of implementing 
the covered activities on covered species that use marsh vegetation 
would not be measurably different from that described in the Draft 
BA/HCP under the Previous Modeling.  This is because the impact 
mechanisms associated with the creation and loss of marsh vegetation 
are the same under the New and Previous Modeling, the only 
difference being that marsh vegetation could be established at lower 
elevations under the New Modeling.  The extent of exposed soils 
suitable for establishment of marsh vegetation could be slightly less, 
however, at lower elevations. 
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7.1.4.3 Razorback Sucker Spawning Habitat 
The analysis based on the Previous Modeling concluded the razorback 
sucker and associated critical habitat in Lake Mead may be affected by 
the proposed Action Alternative.  The analysis contained in this 
evaluation does not modify this conclusion.  However, the change in 
the potential degree of effect between results of the Previous Modeling 
and the New Modeling cannot be quantified. 

As stated in the Draft BA, implementation of flow-related covered 
activities may result in adverse impacts on razorback sucker spawning 
habitat and designated critical habitat for the razorback sucker in Reach 
1.  The known spawning elevations that may be important for the 
razorback sucker occur between 1120 and 1150 feet msl in Lake Mead.  
Current information shows that during the spawning seasons of 1997– 
2001, razorback sucker spawned at or near the cliff spawning site at the 
back of Echo Bay.  This site was dry in 2002, and spawning occurred in 
a different area along the south shore of Echo Bay.  During the 2003 
spawning season, the 2002 spawning site was dry.  However, razorback 
sucker apparently spawned along the same shore just east of the 2002 
spawning site on a gravelly point submerged in 2–5 feet of water.  In 
2004, larval concentrations and habitat use of a telemetered fish 
indicated the Echo Bay population spawned approximately 250 meters 
east of the 2003 site (Welker and Holden 2004).  These changes in 
spawning location over the past few years indicate the razorback 
sucker will successfully move their spawning location into 
progressively lower elevations where suitable spawning substrate is 
present as the lake recedes.  Findings of recent investigations (Twichell 
and Rudin 1999) indicate that it is unlikely that sediment accumulation 
over available spawning substrate will affect spawning habitat area. 
However, indications are that in 2004 sediment from the Las Vegas Bay 
delta has moved farther out and caused the presumptive spawning 
area in the bay to become covered with encroaching sediment and may 
have influenced spawning success (Welker and Holden 2004).  This 
encroaching sediment is a result of outflow from Las Vegas Wash and 
is not typical of sediment encroachment in the rest of Lake Mead.  That 
encroachment is not only a function of lowering lake levels, but is likely 
also related to high rainfall events and growing wastewater discharge 
as a result of growth in the Las Vegas area.  

The number of razorback suckers present in Lake Mead represents a 
small percentage of the total LCR population.  The 2004 population 
estimates for the Echo Bay population range from 23–52 fish and 
estimates for the Las Vegas Bay population range from 11–310 fish 
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(Welker and Holden 2004).  To put the Lake Mead razorback sucker 
population in context, the largest extant population of razorback 
suckers in the entire Colorado River system is found in Lake Mohave 
(Reach 2) with an estimated population of 35,000 fish. 

Results of razorback sucker studies indicate successful recruitment of 
minimal numbers of razorback suckers in Lake Mead during years 
when favorable rearing conditions are present.  This makes the 
population of razorback suckers in Lake Mead unique in that it is the 
only population that has persisted over a long period of time in any 
portion of the LCR.  However, these conditions are infrequent, and the 
numbers of fish naturally recruited to the population may not be 
sufficient to sustain the population under existing conditions.  
Reservoir operations and other factors that create the conditions that 
result in new fish successfully entering the population are not well 
understood.  It has been postulated that during periods of lower lake 
elevations, vegetation becomes established along the shoreline.  Then 
when the lake rises, the vegetation that becomes inundated provides 
cover for young razorback suckers.  Recruitment has occurred fairly 
regularly from 1974–1998.  Sufficient information is not available to 
determine if changes in reservoir elevation with implementation of the 
action alternative could adversely affect the current observed rate of 
recruitment.  However, it can be postulated that due to the probability 
of lower lake levels in the foreseeable future, short-term annual rises in 
lake elevation could inundate established vegetation that would 
provide cover for juvenile razorback suckers, thus maintaining a 
similar level of recruitment to the population. 

As described above, the change in effects on razorback sucker in Lake 
Mead from using an updated initial reservoir elevation and the 
additional period of record between the Previous and New Modeling 
results cannot be quantified.  However, the results of the New 
Modeling do not indicate that the impacts of implementing the covered 
activities on the razorback sucker would be significantly different than 
that described in the Draft BA/HCP.  With substantial recent declines 
in reservoir elevations, the razorback sucker has demonstrated the 
ability to successfully spawn on suitable substrates present at lower 
reservoir elevations when previously used spawning habitat is exposed 
and no longer available.  Therefore, we conclude that spawning 
behavior and success would be similar under both the Previous and 
New Modeling. 
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7.1.4.4 Transitory River Segments 
As described in the Draft BA/HCP, when Lake Mead reservoir 
elevations decline, segments of the Colorado River and Virgin River 
channels that existed prior to construction of Hoover Dam can become 
exposed within the full-pool elevation of Lake Mead (when these areas 
appear, they are called transitory river segments).  These transitory 
river segments can provide for and be occupied by the humpback chub 
and the flannelmouth sucker, which are covered under the LCR MSCP.  
The few humpback chub currently occurring in the Grand Canyon 
could move downstream and utilize as much as an estimated 62 miles 
of transitory Colorado River channel that forms when reservoir 
elevations lower to an elevation of 950 feet msl.  This is the elevation 
that is assumed to be protected by the modeled shortage assumptions.  
The flannelmouth sucker could occur in transitory river segments of 
both the Colorado River and Virgin River that form when reservoir 
elevations are below full pool elevations.  This transitory habitat could 
be lost during wetter periods when Lake Mead reservoir elevations 
increase and inundate habitat. 

The mechanisms described above are the same under the New 
Modeling and the Previous Modeling.  However, the presence and 
extent of transitory river segments might occur more frequently under 
the New Modeling due to the potentially lower reservoir elevations as 
described in Section 7.1.  Consequently, the benefits associated with 
creating transitory river segments that provide humpback chub and 
flannelmouth sucker habitat may be somewhat greater under the New 
Modeling assumptions than under the Previous Modeling 
assumptions.  However, these potential beneficial effects are not 
considered significant because the probabilities of the entire transitory 
river channel becoming available at the 950 feet msl lake level are 
extremely low under both the Previous and New Modeling, and 
because such benefits would be ephemeral in nature. 

7.1.4.5 Sticky Buckwheat and Threecorner Milkvetch 
As described in the Draft BA/HCP, sticky buckwheat and threecorner 
milkvetch can establish and occur along the Lake Mead shoreline on 
sites that have the soil characteristics required by each species and that 
are exposed when Lake Mead water surface elevations are below full-
pool elevation.  Sticky buckwheat and threecorner milkvetch plants 
that establish on these sites would be inundated and lost during wetter 
periods, when Lake Mead reservoir elevations increase. 
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The mechanisms described above are the same under the New 
Modeling and the Previous Modeling.  However, the presence and 
extent of exposed suitable soils that can support sticky buckwheat and 
threecorner milkvetch might occur more frequently under the New 
Modeling due to the lower reservoir elevations as described in Section 
7.1.  Consequently, the benefits associated with exposing suitable soils 
for these plant species might be somewhat greater under the New 
Modeling assumptions than under the Previous Modeling 
assumptions.  However, these potential beneficial effects are not 
considered significant due to the ephemeral nature of any potential 
benefits. 

7.2 EFFECT ON THE RIVER CORRIDOR (REACHES 3–5)13 

As discussed in Section 6.3 and in Appendix J, Reclamation uses a reservoir model 
to project the possible future states of the reservoir system under a range of possible 
future inflow conditions.  When analyzing impacts to the river, backwaters, and 
groundwater along the Colorado River corridor below Hoover Dam, more detail is 
necessary.  Accordingly, Reclamation used a more detailed analysis to assess the 
potential impacts to covered species and their habitat along the river corridor below 
Hoover Dam. 

The analysis that Reclamation utilized for Reaches 3–5 was summarized in 
Appendix K, Volume IV of the LCR MSCP documents (“Hydrologic Depletion 
Analysis of the Effects of the Changes in Points of Diversion on Backwater and 
Groundwater Elevations”).  The analysis followed four main steps: 

1) Estimate the hourly flows likely to be released from the dam, both before and 
after the flow reductions have been applied; 

2) Route the hourly release patterns downstream to locations of interest; 

3) Convert the modeled flows at each location to river stage (elevation) to 
determine the drawdown (reduction in river stage) due to the flow 
reduction; and,   

4) Determine the effect of the drawdown on river width and depth, backwater 
area extent and depth, and depth to groundwater proximate to the river. 

13 Conditions in Reach 2 (river channel and Lake Mohave reservoir) are not expected to be 
measurably affected with implementation of future flow-related covered activities, as noted in 
Section 5.2.3.3 of the Draft BA and Section 4.2.3.3 of the Draft HCP.  The new information has no 
effect on the hydrology in Reach 6 as described in “Reaches 6 and 7: Imperial Dam to Southerly 
International Boundary” in Section 5.2.2.1 of the Draft BA, and in Section 4.2.2.1 of the Draft HCP. 
Accordingly, no analysis of Reach 2 or 6 is made in this evaluation. 
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As described in Section 6, updated information with respect to the initial conditions 
of the reservoirs and the natural flow record is analyzed in this evaluation.  This 
updated information only applies to analyses based on the reservoir model and does 
not affect the analysis of reductions in river flows and the associated analysis of 
effects on open water and groundwater along the river corridor, as described in 
Appendix K. 

The updated information, however, suggests an increased probability that future 
shortages may occur in the Lower Basin14.  The Draft BA/HCP analyzed reductions 
in flow of up to 0.845 million acre-feet per year (mafy) in the river from Hoover Dam 
to Davis Dam, up to 0.860 mafy in the river from Davis Dam to Parker Dam, and up 
to 1.574 mafy in the river from Parker Dam to Imperial Dam.  The effect of the 
updated information does not change these analyzed amounts, but simply increases 
the probability that some of the analyzed amounts could be used to cover flow 
reduction due to shortage determinations.  The hydrologic model described in 
Appendix J was used to quantify the effect of the updated information on the 
probability of future shortages. 

7.2.1 Results from Previous Hydrologic Modeling 
Figure 6 provides a graph of the probability of shortage under the Previous 
Modeling.  The probability of shortage is computed by counting the number of 
modeled traces that incurred a shortage condition in each year and dividing by 
the total respective number of traces (85 traces under the Previous Modeling 
and 90 traces under the New Modeling, respectively).  As shown in Figure 6, 
under the Baseline, the probability of shortage is about 48 percent in year 2016 
and 2017.  Thereafter, the probability varies between 38 percent and 52 percent 
through year 2051.  By comparison, the Action Alternative shows a lower 
probability of shortage compared to the Baseline through year 2019.  This is 
attributed both to the implementation of water transfers under the Action 
Alternative that reduce the call for surplus water from Lake Mead as explained 
in section 7.1.1, as well as the lower shortage elevation triggers used in the 
Action Alternative.  The probability of shortage under the Baseline and Action 
Alternative is nearly the same from 2020 through 2033.  The probability of 
shortage under the Action Alternative is somewhat higher (2 percent to 11 
percent) after 2033.  This higher probability can primarily be attributed to the 
extension of the ISG through 2051 under the Action Alternative. 

14 Shortage determinations would result in reduced discharges from reservoir storage which would 
reduce flow in downstream river reaches, similar to the effect from changes in point of diversions. 
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7.2.2  Results from New Hydrologic Modeling 
Data from the New Modeling was used to conduct a similar analysis as  
discussed above and is used to evaluate the effect of the updated information 
on the probability of future shortages.  Figure 7 illustrates the probability of 
shortages under the New Modeling.  This figure is similar to Figure 6 and 
compares the Baseline and Action Alternative based on the New Modeling. 

Figure 7 shows trends between the Baseline and Action Alternative under the 
New Modeling, similar to the trends  observed under the Previous Modeling.  
The most noticeable difference between the data shown in Figures 6 and 7 is 
that, under the New Modeling, there is a higher probability of shortage during 
the initial years.  This applies to both the Baseline and Action Alternative and 
is attributed to the lower initial reservoir conditions that were considered in 
the New Modeling. 

 

 

 

Figure 6 
Previous Modeling 
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As seen under the Previous Modeling and explained in Section 7.2.1, the 
Action Alternative shows a lower probability level compared to the Baseline in 
the initial years (through year 2016).  Except for a few years (2028 through 
2032), the probability level is, in general, somewhat higher (1 percent to 13  
percent) under the Action Alternative.  This higher level of probability can 
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primarily be attributed to the extension of the ISG through 2051 under the 
Action Alternative. 

7.2.3  Comparison of Previous and New Hydrologic Modeling 
Figure 8 provides a comparison of the probability of shortage under the 
Previous and New Modeling.  As expected, the reduced reservoir starting 
elevations increase the probability of shortage in the near-term (2005–2018) for 
both the Baseline and Action Alternative under the New Modeling.  In the 
later years, however, the effect of the lower initial reservoir elevations is 
negligible and the New Modeling shows a slight decrease in the probability of 
shortage for both Baseline and Action Alternative.  This difference is attributed 
to the slight increase in the natural flows as described in Section 6.2. 

 

Figure 7 
New Modeling 
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Table 4 provides a tabular comparison of the probability levels presented in 
Figure 8 and the relative differences due to the updated information are 
compared.  Columns 4 and 7 of Table 4 compare the differences between the 
probability of shortage under the Baseline and Action Alternative under the 

LCR MSCP Comments and Responses – December 2004   Section III 
 Page 31  



Previous and New Modeling, respectively.  In Column 8 of this same table, the 
relative differences between the New and Previous Modeling results are 
compared.  Although the New Modeling reflects an increase in the probability 
of shortage conditions as compared to the Previous Modeling, the relationship 
between the Action Alternative and the Baseline remains essentially the same–  
(i.e. the probability of shortage is lower under the Action Alternative in the 
near term and slightly increased in the later years). 

 

 
 

 

 

 

Figure 8 
Comparison of the New to Previous Modeling Results 
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7.2.4  Analysis of Effect on Biological Resources 
The covered activities described in the Draft BA/HCP allow for a reduction in 
flow of up to 0.845 mafy in the river from Hoover Dam to Davis Dam (Reach 
2), up to 0.860 mafy in the river from Davis Dam to Parker Dam (Reach 3), and  
up to 1.574 mafy in the  river from Parker Dam to Imperial Dam (Reaches 4 and 
5).  These reductions in flow could result from changes in the points of 
diversion, from shortage determinations, and/or from other covered activities 
as described in the Draft BA/HCP.  Because the analysis assumes that the 
reduction of 1.574 maf occurs immediately, the timing of these shortages is 
irrelevant to the assessment of impacts (see Draft BA/HCP Section 5.2.1.3,  
“Key Assumptions Related to Groundwater Effects on Land Cover Types and 
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Covered Species Habitat”).  Nothing in the updated information analyzed as 
part of this evaluation changes the reduction in flow coverage as identified in 
the Draft BA/HCP.   

Accordingly, the analysis of effects of the covered activities on surface water or 
groundwater levels is not affected by the New Modeling.  Consequently, the 
effects of implementing flow-related covered activities on backwater, marsh, 
and cottonwood-willow land cover types that provide covered species habitat 
are the same as described for each of the covered species in the Draft BA/HCP.  
Thus, there is no change in the effect to the covered species and their habitat as 
a result of the updated hydrologic information. 
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Table 4 
Comparison of New to Previous Modeling 

Probability of  Shortage  
  Previous Modeling  New Modeling   

[1]  [2] [3] [4]  [5] [6] [7]  [8] 
Difference Difference 

Between Baseline Difference Between Between New 
Action  and Action  Action  Baseline and Action  and Previous 

 Year   Baseline Alternative Alternative   Baseline Alternative Alternative   Modeling 
2003   0.0% 0.0% 0.0%   0.0% 0.0% 0.0%   0.0% 
2004   0.0% 0.0% 0.0%   0.0% 0.0% 0.0%   0.0% 
2005   0.0% 0.0% 0.0%   0.0% 0.0% 0.0%   0.0% 
2006   0.0% 0.0% 0.0%   1.2% 0.0% -1.2%   -1.2% 
2007   14.1% 0.0% -14.1%   32.9% 1.2% -31.8%   -17.6% 
2008   27.1% 0.0% -27.1%   65.9% 9.4% -56.5%   -29.4% 
2009   34.1% 10.6% -23.5%   63.5% 38.8% -24.7%   -1.2% 
2010   36.5% 17.6% -18.8%   63.5% 49.4% -14.1%   4.7% 
2011   40.0% 23.5% -16.5%   57.6% 54.1% -3.5%   12.9% 
2012   38.8% 25.9% -12.9%   63.5% 51.8% -11.8%   1.2% 
2013   43.5% 25.9% -17.6%   58.8% 51.8% -7.1%   10.6% 
2014   42.4% 29.4% -12.9%   52.9% 51.8% -1.2%   11.8% 
2015   47.1% 31.8% -15.3%   54.1% 49.4% -4.7%   10.6% 
2016   48.2% 34.1% -14.1%   51.8% 48.2% -3.5%   10.6% 
2017   48.2% 40.0% -8.2%   44.7% 50.6% 5.9%   14.1% 
2018   42.4% 41.2% -1.2%   41.2% 50.6% 9.4%   10.6% 
2019   43.5% 42.4% -1.2%   36.5% 47.1% 10.6%   11.8% 
2020   40.0% 41.2% 1.2%   34.1% 42.4% 8.2%   7.1% 
2021   37.6% 37.6% 0.0%   31.8% 44.7% 12.9%   12.9% 
2022   38.8% 36.5% -2.4%   31.8% 41.2% 9.4%   11.8% 
2023   43.5% 35.3% -8.2%   35.3% 37.6% 2.4%   10.6% 
2024   37.6% 40.0% 2.4%   37.6% 40.0% 2.4%   0.0% 
2025   41.2% 43.5% 2.4%   36.5% 43.5% 7.1%   4.7% 
2026   41.2% 42.4% 1.2%   38.8% 43.5% 4.7%   3.5% 
2027   41.2% 41.2% 0.0%   38.8% 41.2% 2.4%   2.4% 
2028   41.2% 41.2% 0.0%   41.2% 38.8% -2.4%   -2.4% 
2029   42.4% 43.5% 1.2%   41.2% 40.0% -1.2%   -2.4% 
2030   43.5% 43.5% 0.0%   41.2% 41.2% 0.0%   0.0% 
2031   43.5% 45.9% 2.4%   43.5% 41.2% -2.4%   -4.7% 
2032   44.7% 45.9% 1.2%   43.5% 44.7% 1.2%   0.0% 
2033   44.7% 44.7% 0.0%   40.0% 43.5% 3.5%   3.5% 
2034   45.9% 48.2% 2.4%   42.4% 45.9% 3.5%   1.2% 
2035   44.7% 49.4% 4.7%   43.5% 45.9% 2.4%   -2.4% 
2036   43.5% 50.6% 7.1%   40.0% 47.1% 7.1%   0.0% 
2037   41.2% 50.6% 9.4%   38.8% 48.2% 9.4%   0.0% 
2038   42.4% 51.8% 9.4%   38.8% 48.2% 9.4%   0.0% 
2039   43.5% 49.4% 5.9%   38.8% 45.9% 7.1%   1.2% 
2040   44.7% 51.8% 7.1%   40.0% 47.1% 7.1%   0.0% 
2041   43.5% 54.1% 10.6%   43.5% 45.9% 2.4%   -8.2% 
2042   43.5% 52.9% 9.4%   42.4% 45.9% 3.5%   -5.9% 
2043   47.1% 52.9% 5.9%   42.4% 49.4% 7.1%   1.2% 
2044   45.9% 50.6% 4.7%   41.2% 47.1% 5.9%   1.2% 
2045   45.9% 51.8% 5.9%   41.2% 48.2% 7.1%   1.2% 
2046   45.9% 51.8% 5.9%   43.5% 49.4% 5.9%   0.0% 
2047   48.2% 52.9% 4.7%   47.1% 49.4% 2.4%   -2.4% 
2048   47.1% 54.1% 7.1%   48.2% 50.6% 2.4%   -4.7% 
2049   49.4% 54.1% 4.7%   48.2% 51.8% 3.5%   -1.2% 
2050   51.8% 56.5% 4.7%   49.4% 52.9% 3.5%   -1.2% 
2051   50.6% 57.6% 7.1%   51.8% 55.3% 3.5%   -3.5% 
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7.3  EFFECT ON REACH 715  
This analysis discusses the potential effects of the updated information on covered 
species in Reach 7, which extends from the Northerly International Boundary (NIB) 
to the Southerly International Boundary (SIB).  As discussed in Appendix L, water 
flowing into Reach 7 is controlled by Mexico’s operation of the Morelos Diversion 
Dam located at the upper end of Reach 7.  Currently, water generally only flows into 
Reach 7 under the following conditions:  (1) the result of seepage from Morelos 
Diversion Dam; (2) flow releases from Morelos Diversion Dam (flood releases from 
the LCR and Gila River, and excess water Mexico does not divert); (3) return flows 
from canal wasteways in the United States  side; and (4) groundwater accumulation 
from both the United States and Mexico. 

As noted in Chapter 5 of the Draft BA, Chapter 4 of the Draft HCP, and Appendix L, 
flood control releases on the mainstem are dictated by the flood control regulations 
established by the U.S. Army Corps of Engineers for Lake Mead/Hoover Dam and 
are highly dependent on hydrologic conditions.  For modeling purposes it is 
assumed Mexico can schedule up to 200,000 acre-feet per year (afy) over its annual 
allotment (pursuant to Section 3, Article 10, of the 1944 Water Treaty) during years 
when flood control releases occur.  However, these flood control releases are 
typically of such magnitude that they cannot be diverted at Morelos Diversion Dam.   
In this document, these  resulting flows in Reach 7 are termed “excess flows below 
Morelos Diversion Dam.” 

7.3.1  Results from Previous Hydrologic Modeling  
The previous analysis of potential effects of the LCR MSCP on Reach 7 was 
summarized in Appendix L.  This previous analysis was based on a 
comparison of future operations under Baseline and Action Alternative using 
the Previous Modeling.  A similar analysis has been conducted for this 
evaluation using the New Modeling and is used to evaluate the effects of the 
updated hydrologic information. 

As more fully discussed in Appendix L, both the  frequency and magnitude of 
excess flows are considered important factors in restoring and maintaining 
riparian habitat below Morelos Diversion Dam.  Mexico’s management 
decisions at and below Morelos Diversion Dam are not modeled because of the 
uncertainty of what Mexico chooses to do with any water that arrives at 
Morelos Diversion Dam that is in excess of their allotment.16  As such, this 
evaluation and the previous analyses  assume that any water in excess of 

                                                           
15  See footnote 11 for discussion of Reach 6.  
16  Mexico is entitled to manage and divert any quantity of water arriving at the Mexican points of diversion 
pursuant to Section 3,  Article 10 (b) of the 1944 Water Treaty. 
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Mexico’s scheduled normal or surplus deliveries are flows that would not be 
diverted by Mexico and would continue down the LCR channel below Morelos 
Diversion Dam through Reach 7.  This assumption is necessary to be able to 
model the quantities of water that have the potential to flow past Morelos 
Diversion Dam.  In actual practice, however, Mexico may divert some portion 
of these excess flows. 

The relative differences in the probability of occurrence of flows greater than a 
specified volume (differences between Baseline and Action Alternative) were 
evaluated, as was done in the Draft BA/HCP.  For this analysis, three different 
magnitudes or annual volumes were considered; (1) flows of any magnitude, 
(2) flows of greater than 250,000 acre-feet, and (3) flows of greater than  
1,000,000 acre-feet.  Reclamation has utilized these different flows in a number 
of recent environmental analyses.  A volume of 250,000 acre-feet was selected 
because this flow volume is near the amount generally believed to be required 
for the scouring action needed for regeneration of riparian habitat in the river 
corridor in Reach 7.  A volume greater than 1,000,000 acre-feet was selected 
because this flow volume is believed to have significantly improved habitat in 
Reach 7 in the past.  These flows provided scouring action to promote new 
vegetation when the water receded, and provided essential moisture over a 
longer duration that benefited existing vegetation. 

The potential for future excess flows of any magnitude under the Previous 
Modeling to Reach 7 is shown in the top graph of Figure 9.  The probability of 
occurrence is computed by counting the number of modeled traces for each 
year that has excess annual flows and dividing by the total respective number 
of traces (85 traces under the Previous Modeling and 90 traces under the New 
Modeling).  As shown in Figure 9, under Baseline, the maximum probability of 
occurrence of excess flows is about 21 percent and that occurs in year 2018.  
Thereafter, the probability follows a gradual declining trend through year 
2051.  This declining trend can be attributed to the increasing Upper Basin 
depletions.  Under Baseline, the frequency of occurrence of any magnitude 
flow declines to about 15 percent in 2051.  By comparison, the Action 
Alternative shows a slightly higher probability level compared to the Baseline 
through year 2019.  This higher level of probability can be attributed to the 
implementation of water transfers on the LCR that reduce the call for surplus 
water from Lake Mead, resulting in somewhat higher Lake Mead levels.  With 
higher Lake Mead levels, the probability of flood control releases increases.  
After 2019, the probability of occurrence of excess flows of any magnitude for 
the Baseline is equal to or is slightly less than under the Action Alternative. 

The middle graph in Figure 9 shows the probability under Previous Modeling 
of occurrence of excess flows of 250,000 acre-feet or greater, and the lower 
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graph in Figure 9 shows the probability of occurrence of excess flows of 
1,000,000 acre-feet or greater past Morelos Diversion Dam under the Baseline 
and Action Alternative. 

As illustrated in Figure 9, the probability of excess flows under the Baseline 
exceeding 250,000 acre-feet is a maximum of 20 percent in 2026 and then  
gradually declines to about 14 percent in 2051.  Similar to the analysis of the 
probability of occurrence of any size flows past Morelos Diversion Dam, the 
Action Alternative shows a slightly higher level of probability of occurrence 
compared to the Baseline through about 2019.  After 2019, the probability of 
occurrence of excess flows for the Baseline is equal to or is slightly less than 
under the Action Alternative.  Note that probability of occurrence is generally 
the same for flows of any magnitude and for flows of greater than 250,000 acre-
feet and the same general trend occurs for both the Baseline and Action 
Alternative.  Again, this happens because the occurrence of excess flows is 
directly related to the flood control releases from Lake Mead.  These conditions 
are largely the result of hydrologic conditions (high-flow years coupled with 
higher reservoir levels) and when they occur, the respective flows are 
generally larger than 250,000 acre-feet. 

Similar patterns and trends are observed in the lower graph of Figure 9, which 
shows the probability of flows past Morelos Diversion Dam exceeding 
1,000,000 acre-feet under the Previous Modeling.  However, the probability 
levels are somewhat lower than those shown in the top and  middle graph, 
showing that there are some flood control releases that are not of magnitude 
1,000,000 acre-feet or greater.  However, the same relative differences between 
the Baseline and Action Alternative occur in all three graphs in Figure 9.  This 
is because the actions considered under the Action Alternative have a minimal 
effect on excess flows past Morelos Diversion Dam, again because those  
occurrences are largely hydrologically driven. 
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Figure 9 
Previous Modeling 
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7.3.2  Results from New Hydrologic Modeling 
Data from the New Modeling was used to conduct a similar analysis as  
discussed above and is used to evaluate the effect of the updated hydrologic 
information on Reach 7.  Figure 10 illustrates the probability of excess flows 
past Morelos Diversion Dam under the New Modeling.  This figure is similar 
to Figure 9 and compares the Baseline and Action Alternative based on the 
New Modeling for 1) flows of any magnitude, 2) flows of greater than 250,000 
acre-feet, and 3) flows of greater than 1,000,000 acre-feet. A comparison of the 
three graphs on Figure 10 to those of Figure 9 shows that similar probability 
levels and similar trends occur under the Previous and New Modeling.  The 
most noticeable difference is that, under the New Modeling, there is a lower 
level of probability of excess flows during the initial years for all flow 
magnitudes.  This applies to both the Baseline and Action Alternative.  This 
can be entirely attributed to the lower initial reservoir conditions that were 
considered in the New Modeling.  With the current lower reservoir water 
levels, the probability of flood control releases is reduced since there is a large 
amount of vacant storage capacity system-wide that will need to be filled 
before flood control release conditions are reached at Lake  Mead.  The effect of 
the lower initial reservoir conditions becomes negligible after year 2014.  

Another observation from Figure 10 is that the differences between the 
Baseline and Action Alternative under the New Modeling are very similar to 
those previously described for the Previous Modeling.   

7.3.3  Comparison of the Previous and New Hydrologic Modeling 
Figure 11 provides a graphical comparison of the probability levels presented 
in Figures 9 and 10.  Tables 5, 6 and 7 provide a tabular comparison of the  
probability levels presented in Figures 9 and 10.  Specifically, Table 5 compares 
the probability of occurrence of flows past Morelos Diversion Dam of any  
magnitude (volume) under the Previous and New Modeling.  Table 6 
compares the probability of occurrence of flows past Morelos Diversion Dam 
exceeding 250,000 acre-feet and Table 7 compares the probability of occurrence 
of flows past Morelos Diversion Dam exceeding 1,000,000 acre-feet under the 
Previous and New Modeling. 

Under both the Previous and New Modeling, the Action Alternative provides 
the same or slightly higher probabilities than the Baseline through about 2019.  
After 2019, the probability of occurrence of excess flows for the Baseline is  
equal to or is slightly less than under the Action Alternative under both the 
Previous and New Modeling. 
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Figure 10 
New Modeling 
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Figure 11 
Comparison of New to Previous Modeling 
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Table 5 
Comparison of New to Previous Modeling 

Probability  of Any Flows Past Morelos  Diversion Dam17  
 Previous Modeling   New Modeling  

[1]  [2] [3] [4] [5] [6] [7] [8]  
 Difference  Difference Difference 

Between Baseline Between Baseline Between New 
 Action and Action   Action and Action  and Previous 

Year Baseline Alternative  Alternative Baseline Alternative  Alternative Modeling 
2003   0% 0% 0%           
2004   0% 0% 0%           
2005  5% 5% 0%  0% 0% 0%  0% 
2006  6% 7% 1%  0% 0% 0%  -1% 
2007  9% 13% 4%  0% 0% 0%  -4% 
2008   12% 16% 5%  2% 2% 0%  -5% 
2009   14% 18% 4%  2% 2% 0%  -4% 
2010   18% 20% 2%  4% 7% 2%  0% 
2011   15% 19% 4%  6% 8% 2%  -1% 
2012   18% 19% 1%  9% 9% 0%  -1% 
2013   18% 19% 1%  9% 12% 3%  2% 
2014  15% 19% 4%  13% 14% 1%  -2% 
2015  12% 14% 2%  17% 18% 1%  -1% 
2016  15% 16% 1%  18% 18% 0%  -1% 
2017  18% 20% 2%  16% 17% 1%  -1% 
2018  19% 21% 2%  18% 18% 0%  -2% 
2019  21% 21% 0%  18% 18% 0%  0% 
2020  19% 18% -1%  19% 19% 0%  1% 
2021  21% 21% 0%  16% 18% 2%  2% 
2022  19% 19% 0%  18% 17% -1%  -1% 
2023  19% 18% -1%  19% 14% -4%  -3% 
2024  19% 18% -1%  17% 14% -2%  -1% 
2025  19% 19% 0%  20% 21% 1%  1% 
2026  20% 20% 0%  20% 20% 0%  0% 
2027  21% 20% -1%  20% 19% -1%  0% 
2028  20% 20% 0%  19% 18% -1%  -1% 
2029  19% 19% 0%  20% 20% 0%  0% 
2030  18% 18% 0%  21% 21% 0%  0% 
2031  19% 19% 0%  20% 19% -1%  -1% 
2032  19% 19% 0%  22% 20% -2%  -2% 
2033  19% 18% -1%  18% 16% -2%  -1% 
2034  18% 18% 0%  19% 19% 0%  0% 
2035  20% 18% -2%  19% 19% 0%  2% 
2036  19% 19% 0%  20% 18% -2%  -2% 
2037  18% 18% 0%  18% 18% 0%  0% 
2038  15% 14% -1%  16% 16% 0%  1% 
2039  18% 18% 0%  19% 19% 0%  0% 
2040  14% 14% 0%  21% 18% -3%  -3% 
2041  16% 15% -1%  20% 20% 0%  1% 
2042  16% 16% 0%  19% 18% -1%  -1% 
2043  13% 12% -1%  17% 16% -1%  0% 
2044  14% 14% 0%  18% 16% -2%  -2% 
2045  16% 16% 0%  16% 16% 0%  0% 
2046  13% 13% 0%  18% 18% 0%  0% 
2047  15% 14% -1%  17% 16% -1%  0% 
2048  15% 14% -1%  17% 14% -2%  -1% 
2049  14% 14% 0%  13% 13% 0%  0% 
2050  15% 14% -1%  16% 14% -1%  0% 
2051  15% 15% 0%  16% 12% -3%  -3% 
 
                                                           
17 Although the modeling results are at a high precision,  differences presented in this table reflect rounding to 
the nearest integer value. 
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Table 6 
Comparison of New to Previous Modeling 

Probability of Flows Past  Morelos  Diversion Dam Exceeding 250,000 Acre -Feet18  
Previous Modeling  New Modeling   

[1]  [2]  [3]  [4]  [5]  [6]  [7]  [8]  
 Difference  Difference Difference 

Between Between Between 
Baseline and Baseline and New and 

 Action Action  Action Action Previous 
Year   Baseline Alternative  Alternative   Baseline Alternative  Alternative   Modeling  
2003  0% 0% 0%           
2004  0% 0% 0%           
2005  5% 5% 0%  0% 0% 0%  0% 
2006  6% 6% 0%  0% 0% 0%  0% 
2007  8% 12% 4%  0% 0% 0%  -4% 
2008  12% 15% 4%  2% 2% 0%  -4% 
2009  13% 16% 4%  2% 2% 0%  -4% 
2010  15% 18% 2%  3% 6% 2%  0% 
2011  15% 16% 1%  6% 8% 2%  1% 
2012  16% 19% 2%  9% 9% 0%  -2% 
2013  18% 19% 1%  9% 10% 1%  0% 
2014  14% 19% 5%  13% 14% 1%  -4% 
2015  12% 14% 2%  14% 17% 2%  0% 
2016  13% 16% 4%  18% 18% 0%  -4% 
2017  18% 19% 1%  13% 16% 2%  1% 
2018  18% 21% 4%  17% 18% 1%  -2% 
2019  19% 18% -1%  17% 17% 0%  1% 
2020  16% 16% 0%  19% 19% 0%  0% 
2021  18% 15% -2%  16% 16% 0%  2% 
2022  16% 18% 1%  16% 16% 0%  -1% 
2023  19% 18% -1%  16% 12% -3%  -2% 
2024  16% 18% 1%  14% 13% -1%  -2% 
2025  18% 18% 0%  17% 20% 3%  3% 
2026  20% 16% -4%  19% 17% -2%  1% 
2027  20% 19% -1%  17% 19% 2%  3% 
2028  19% 19% 0%  19% 18% -1%  -1% 
2029  19% 19% 0%  19% 19% 0%  0% 
2030  16% 15% -1%  21% 20% -1%  0% 
2031  16% 14% -2%  20% 19% -1%  1% 
2032  18% 19% 1%  20% 20% 0%  -1% 
2033  16% 16% 0%  14% 16% 1%  1% 
2034  14% 13% -1%  17% 16% -1%  0% 
2035  18% 15% -2%  19% 18% -1%  1% 
2036  18% 18% 0%  18% 17% -1%  -1% 
2037  14% 13% -1%  17% 17% 0%  1% 
2038  15% 14% -1%  16% 14% -1%  0% 
2039  16% 15% -1%  17% 14% -2%  -1% 
2040  13% 13% 0%  18% 18% 0%  0% 
2041  14% 14% 0%  18% 14% -3%  -3% 
2042  16% 14% -2%  19% 17% -2%  0% 
2043  11% 12% 1%  16% 14% -1%  -2% 
2044  13% 13% 0%  16% 16% 0%  0% 
2045  16% 16% 0%  16% 16% 0%  0% 
2046  12% 12% 0%  18% 18% 0%  0% 
2047  14% 14% 0%  14% 14% 0%  0% 
2048  12% 12% 0%  14% 13% -1%  -1% 
2049  12% 12% 0%  12% 12% 0%  0% 
2050  13% 12% -1%  13% 12% -1%  0% 
2051  14% 14% 0%  14% 12% -2%  -2% 

                                                           
18  Although the modeling results are at a high precision, differences presented in this table reflect 
rounding to the nearest integer value 

LCR MSCP Comments and Responses – December 2004   Section III 
 Page 43  



                                                           
19  Although the modeling results are at a high precision, differences presented in this table reflect 
rounding to the nearest integer value 

Section III   LCR MSCP Comments and Responses – December 2004   
Page 44  

Table 7 
Comparison of New to Previous Modeling 

Probability of Flows Past  Morelos  Diversion Dam Exceeding 1,000,000 Acre-Feet19  
 Previous Modeling   New Modeling  

[1]  [2] [3] [4]  [5] [6] [7] [8]  
 Difference    Difference  Difference  

Between Between Between 
Baseline Baseline New and 

 Action and Action  Action and Action Previous 
Year  Baseline Alternative  Alternative Baseline Alternative  Alternative Modeling   
2003  0% 0% 0%           
2004  0% 0% 0%           
2005  1% 4% 2%  0% 0% 0%  -2% 
2006  4% 4% 0%  0% 0% 0%  0% 
2007  4% 4% 0%  0% 0% 0%  0% 
2008  9% 9% 0%  2% 2% 0%  0% 
2009  8% 9% 1%  1% 1% 0%  -1% 
2010  9% 13% 4%  2% 2% 0%  -4% 
2011  9% 9% 0%  4% 4% 0%  0% 
2012  11% 12% 1%  7% 7% 0%  -1% 
2013  9% 11% 1%  6% 7% 1%  0% 
2014  9% 11% 1%  8% 11% 3%  2% 
2015  8% 7% -1%  8% 8% 0%  1% 
2016  8% 9% 1%  10% 11% 1%  0% 
2017  11% 12% 1%  9% 10% 1%  0% 
2018  9% 12% 2%  8% 9% 1%  -1% 
2019  11% 11% 0%  12% 11% -1%  -1% 
2020  11% 11% 0%  9% 10% 1%  1% 
2021  13% 13% 0%  9% 10% 1%  1% 
2022  11% 11% 0%  8% 8% 0%  0% 
2023  9% 8% -1%  9% 11% 2%  3% 
2024  9% 11% 1%  9% 9% 0%  -1% 
2025  9% 9% 0%  8% 9% 1%  1% 
2026  11% 11% 0%  9% 10% 1%  1% 
2027  13% 12% -1%  9% 11% 2%  3% 
2028  9% 11% 1%  11% 12% 1%  0% 
2029  9% 9% 0%  12% 13% 1%  1% 
2030  9% 9% 0%  10% 9% -1%  -1% 
2031  9% 9% 0%  10% 9% -1%  -1% 
2032  8% 9% 1%  10% 9% -1%  -2% 
2033  11% 9% -1%  8% 9% 1%  2% 
2034  8% 9% 1%  9% 10% 1%  0% 
2035  9% 9% 0%  10% 11% 1%  1% 
2036  9% 9% 0%  10% 9% -1%  -1% 
2037  8% 8% 0%  9% 10% 1%  1% 
2038  8% 7% -1%  9% 9% 0%  1% 
2039  8% 7% -1%  9% 8% -1%  0% 
2040  11% 11% 0%  10% 8% -2%  -2% 
2041  8% 7% -1%  9% 9% 0%  1% 
2042  8% 7% -1%  7% 6% -1%  0% 
2043  8% 9% 1%  10% 10% 0%  -1% 
2044  9% 12% 2%  8% 7% -1%  -3% 
2045  8% 8% 0%  9% 9% 0%  0% 
2046  7% 7% 0%  10% 9% -1%  -1% 
2047  7% 8% 1%  9% 8% -1%  -2% 
2048  8% 7% -1%  9% 8% -1%  0% 
2049  7% 7% 0%  8% 7% -1%  -1% 
2050  8% 7% -1%  9% 8% -1%  0% 
2051  7% 6% -1%  8% 9% 1%  2% 



As noted before, the most noticeable difference is that under the New 
Modeling there is a lower level of probability of excess flows during the initial 
years for all flow magnitudes.  This is attributed to the lower initial reservoir 
conditions  that were considered in the New Modeling.  The effect of the lower 
initial reservoir conditions becomes negligible after year 2014.  This applies to 
both the Baseline and Action Alternative. 

7.3.4  Analysis of Effect on Biological Resources 
Excess flows below Morelos Diversion Dam are a potential mechanism for 
creating soil moisture conditions necessary for the natural establishment of 
cottonwood and willow trees that provide habitat for cottonwood-willow 
associated covered species.  Based on the Previous Modeling, the Draft  
BA/HCP indicated that implementation of the flow-related covered activities 
was not expected to measurably affect river channel conditions in Reach 7.  As 
described in Section 7.3.2, results of  the New Modeling indicate somewhat 
lower probabilities for flows passing Morelos Diversion Dam during the initial 
years (Tables 5, 6, and 7).  This is attributed to the lower initial reservoir 
conditions  that were considered in the New Modeling.  However, under both 
the Previous and New Modeling, the Action Alternative provides the same 
slightly higher probabilities than Baseline through about year 2019.  
Thereafter, the probability of flows passing Morelos Diversion Dam under the 
Action Alternative is equal to or is slightly less than under the Baseline,  under 
both the Previous and New Modeling. 

The change in probabilities for excess flows below Morelos Diversion Dam 
with implementation of the Action Alternative between the Previous Modeling 
and the New Modeling are minimal and would not change the effects on  
covered species habitats as described in the Draft BA/HCP. 

8. CONCLUSIONS 

This evaluation concludes that the inclusion of this updated hydrologic information does 
not identify any significant new impacts or change the conclusions of effect to covered 
species in the Draft BA/HCP, and no changes are required to the BA, HCP, or EIS/EIR. 

8.1  LAKE MEAD WATER SURFACE ELEVATIONS  

8.1.1  Riparian Vegetation 
Because of the lower Lake Mead initial conditions, the New Modeling (for the 
50th percentile) indicates an increased probability of lower lake elevations until 
year 2024 (as compared to the Previous Modeling) and thereafter the 
probabilities are approximately the same.  This would indicate that during the 
first 25 years, the probabilities for covered species habitat establishment may 
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be slightly more limited in those years.  Overall, however, the habitat quantity 
and quality would not be significantly different over the 50-year period. 

Results of the New Modeling indicate that the impacts of implementing the 
covered activities on covered species that use riparian vegetation in delta areas 
of Lake Mead would not be measurably different from that described in the 
Draft BA/HCP under the Previous Modeling.  This is because the impact 
mechanisms associated with the creation and loss of riparian vegetation are the 
same under the New and Previous Modeling, the only difference being that 
riparian vegetation could be established at lower elevations under the New 
Modeling.  The extent of exposed soils suitable for establishment of riparian 
vegetation could be slightly less, however, at lower elevations. 

8.1.2  Marsh Vegetation 
Because of the lower Lake Mead initial conditions, the New Modeling (for the 
50th percentile) indicates an increased probability of lower lake elevations until 
year 2024 (as compared to the Previous Modeling), and thereafter the 
probabilities are approximately the same.  This would indicate that during the 
first 25 years, the probabilities for the establishment of marsh vegetation that 
provides covered species habitat may be slightly more limited.  Overall, 
however, the extent and value of marsh vegetation that could provide covered 
species habitat under the New Modeling would not be significantly different 
than under the Previous Modeling. 

Results of the New Modeling indicate that the impacts of implementing the 
covered activities on covered species that use marsh vegetation would not be 
measurably different from those described in the Draft BA/HCP under the 
Previous Modeling.  This is because the impact mechanisms associated with 
the creation and loss of marsh vegetation are the same under the New and 
Previous Modeling, the only difference being that marsh vegetation could be 
established at lower elevations under the New Modeling.  The extent of  
exposed soils suitable for establishment of marsh vegetation could be slightly 
less, however, at lower elevations. 

8.1.3  Razorback Sucker 
The results of the New Modeling do not indicate that the impacts of 
implementing the covered activities on the razorback sucker would be 
measurably different than those described in the Draft BA/HCP.  With 
substantial recent declines in reservoir elevations, the razorback sucker has 
demonstrated the ability to successfully spawn on suitable substrates present 
at lower reservoir elevations when previously used spawning habitat is 
exposed and no longer available.  Therefore, we conclude that spawning  
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behavior and success would be similar under both the Previous and New 
Modeling. 

8.1.4  Transitory River Segments 
The presence and extent of transitory river segments might occur more 
frequently under the New Modeling due to the potentially lower reservoir 
elevations as described in Section  7.1.  Consequently, the benefits associated 
with creating transitory river segments that provide humpback chub and 
flannelmouth sucker habitat may be somewhat  greater under the New 
Modeling assumptions than under the Previous Modeling assumptions.  
However, these potential beneficial effects are not considered significant 
because the probabilities of the entire transitory river channel becoming 
available at the 950 feet  msl lake level are extremely low under both the  
Previous and New Modeling, and because such benefits would be ephemeral 
in nature. 

8.1.5  Sticky Buckwheat and Threecorner Milkvetch 
The presence and extent of exposed suitable soils that can support sticky 
buckwheat and threecorner milkvetch might occur more frequently under the 
New Modeling due to the lower reservoir elevations as described in Section 
7.1.  Consequently, the benefits associated with exposing suitable soils for  
these plant species might be somewhat greater under the New Modeling 
assumptions than under the Previous Modeling assumptions.  However, these  
potential beneficial effects are not considered significant due to the ephemeral 
nature of any potential benefits. 

8.2  EFFECT ON THE RIVER  CORRIDOR  
The analysis of effects of the covered activities on surface water or groundwater 
levels is not affected by the New Modeling.  Consequently, the effects of 
implementing flow-related covered activities on backwater, marsh, and cottonwood-
willow land cover types that provide covered species habitat are the same as 
described for each of the covered species in the Draft BA/HCP.  Accordingly, there 
is no change in the effect to the covered species and their habitat as a result of the 
updated hydrologic information. 

8.3  EFFECT ON FLOWS IN REACH 7 
Results of the New Modeling indicate somewhat lower probabilities for flows 
passing Morelos Diversion Dam during the initial years (Tables 5, 6, and 7).  This is 
attributed to the lower initial reservoir conditions  that were considered in the New 
Modeling.  However, under both the Previous and New Modeling, the Action 
Alternative provides the same slightly higher probabilities than Baseline through 
about year 2019.  Thereafter, the probability of flows passing Morelos Diversion 
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Dam under the Action Alternative is equal to or is slightly less than under the 
Baseline, under both the Previous and New Modeling. 

The change in probabilities for excess flows below Morelos Diversion Dam with 
implementation of the Action Alternative between the Previous Modeling and the 
New Modeling are minimal and would not change the effects on covered species 
habitats as described in the Draft BA/HCP. 
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11. ACRONYMS 

afy  acre-feet per year 

BA  Biological Assessment 

CEQ  Council on Environmental Quality 
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CEQA  California Environmental Quality Act 

C.F.R.  Code of Federal Regulations 

EIR  Environmental Impact Report 

EIS  Environmental Impact Statement 

ESA  Federal Endangered Species Act 

FR  Federal Register 

HCP  Habitat Conservation Plan 

ISG  Interim Surplus Guidelines 

ISM  Index Sequential Method  

kaf  thousand acre-feet 

LCR  Lower Colorado River 

LCR MSCP  Lower Colorado River Multi-Species Habitat Conservation Plan 

msl  mean sea level 

maf  million acre-feet 

mafy  million acre-feet per year  

NEPA  National Environmental Policy Act 

NIB  Northerly International Boundary 

SIB  Southerly International Boundary 

USBR  U.S. Bureau of Reclamation 
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1 Appendix K 
2 Hydrologic Depletion Analysis of the Effects of 
3 Changes in Points of Diversion on Water 
4 Elevations and Land Cover Types 

5 K.1 Introduction 
6 Future potential water transfers along the lower Colorado River (LCR) will result in 
7 changes in the quantity of water diverted at various points on the River.  During the next 
8 50 years, up to 1.574 million acre-feet annually (mafy) of water that is currently diverted 
9 at points below Parker Dam may be diverted at points above Parker Dam, primarily Lake 

10 Havasu or Lake Mead.  Of that amount, up to 0.845 mafy could be diverted from Lake 
11 Mead.  These changes will, in turn, result in changes to the flow and water surface 
12 elevations in the River and connected backwaters and to groundwater levels adjacent to 
13 the River that lie under riparian, marsh, and isolated backwater areas.  Appendix J 
14 documents the results of analyses performed to determine the changes to water surface 
15 elevations in the River resulting from these diversion changes, while this appendix 
16 documents the impacts to the River and connected backwaters, and to groundwater 
17 elevations that are influenced by the River that could affect riparian, marsh, and isolated 
18 backwaters. 

19 Flow reductions from changed points of diversion will have no measurable effect on the 
20 distribution of daily water releases for hydropower production from Davis and Parker 
21 Dams.  These releases will continue to be made according to established operation 
22 guidelines as described in Section J.4.3.3 of Appendix J.  However, the hourly 
23 distribution of releases may be affected, as shown in Appendix J, Section J.6.2 and 
24 Attachment D.  For specific mean daily releases, the magnitude and/or duration of the 
25 high and low hourly releases may be reduced within the operational minimum, 
26 maximum, and rate-of-change constraints.  These reductions in the magnitude and 
27 durations of hourly releases will result in reductions in flows and river stages down 
28 stream of each dam, as shown in Appendix J, Section J.6.2 and Attachment D.  The 
29 reductions in river stage would affect the available extent of open water, both in the river 
30 itself and to connected backwaters.  Reductions in annual median river stage could also 
31 affect groundwater elevations in areas influenced by the river. 
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1 K.2 Methodology 
2 Impacts to aquatic and riparian land cover types resulting from changed diversion points 
3 are dependent upon changes to water surface elevation changes in both the River and in 
4 backwaters and in groundwater elevation changes where groundwater is influenced by 
5 the River.  As water surface elevations decrease, the extent of aquatic and marsh land 
6 cover types decreases and water levels that support riparian vegetation decrease.  This 
7 section describes the methods used to determine how much decrease occurs to riverine 
8 areas, backwaters and associated marshes, and habitats supported by groundwater. 

9 The following analysis to determine impacts to river surface, backwater and associated 
10 marsh, and riparian vegetation is based on the following assumptions: 

11  Groundwater in the floodplain is directly influenced by the annual median river 
12 surface elevation of the river. 

13  The surface elevation of backwaters not directly connected to the river is equal to the 
14 existing groundwater elevation. 

15  The impact to backwaters not directly connected to the river was derived from the 
16 annual median river water surface elevation.  

17  Riparian vegetation is influenced by the underlying groundwater and therefore could 
18 be affected by any change in groundwater. 

19  The surface elevation of backwaters directly connected to the river is equal to that of 
20 the river. 

21  The impact to directly connected backwaters and associated marshes was derived by  
22 assuming that the lowest hourly elevation for the month of April resulted in a 
23 permanent change to that elevation. 

24 K.2.1 River Surface 
25 Thirty-three river channel cross-section locations were selected that represent typical 
26 river stretches.  These locations were distributed throughout the river in order to 
27 appropriately  cover the entire river between Davis Dam to Imperial Dam.  Figure K-1 
28 identifies these locations by River Mile (RM).  Selection criteria included river bed slope, 
29 geometry, proximity to concentrations of backwaters, and availability of quantitative 
30 data.  Hydrologic model simulations were used to determine river water surface 
31 elevations at each of these cross-section locations.  Input to the model included hourly for 
32 each calendar month, and average daily releases from  Davis Dam and Parker Dam for the 
33 river reaches between Davis Dam  and Parker Dam  and below Parker Dam, respectively.  
34 The model output was shown as river water surface elevations resulting from hourly flow 
35 releases from Davis and Parker Dams.  The model simulations were used to develop 
36 tables indicating reductions in water surface elevations at each of the 33 locations—and 
37 their corresponding river stretches—resulting from flow reductions that will be caused by 
38 future changes in point of diversion.  Appendix J contains a detailed description of the 
39 modeling process and results. 
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River Sections Used in Backwater Reduction 

and Groundwater Drop Analyses 
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1 Projected hourly maximum and minimum flows derived from the hydrologic modeling 
2 runs were used to define changes to water surface elevations and the resultant effect to 
3 riverine, connected backwater and marsh water surface area.  A bank slope of 30 degrees 
4 was used to determine surface water area changes resulting from water elevation changes 
5 (see more detailed discussion below).  

6 Data were developed for flow reductions in three different months—April, August, and 
7 December.  These months were selected for detailed analysis because of the significant 
8 biological activity that occurs during each month.  April was selected because that is 
9 when the highest flows in the system occur and, therefore, when backwaters, important 

10 nursery areas for larval fish, are also at their highest water surface elevation.  April also 
11 represents the time of new growth and dormancy break for cattail and is also within the 
12 Yuma clapper rail breeding season.  Backwaters in August are important for juvenile fish 
13 cover.  December represents the lowest water elevations throughout the year.  These three 
14 months were used to calculate impacts to backwaters directly connected to the river and 
15 to the river surface. 

16 An additional hydrologic model simulation was performed to determine the annual 
17 median flow at each of the cross-section locations.  River water surface elevations from  
18 this simulation were used to determine impacts to groundwater and to backwaters that are 
19 not directly connected to the river (see further discussion under Backwater and 
20 Groundwater sections below). 

21 Flows derived from the model simulations were adjusted for diversions, gains, and losses, 
22 depending upon the month.  The “Muskingum Method” developed by the Corps of 
23 Engineers (U.S. Army Corps of Engineers 1981) was used to route flows down river from  
24 the release point (Davis Dam or Parker Dam).  These flows were further calibrated for 
25 historical flows at locations where gauges measure the actual river flow.  Past experience 
26 using this method of calculation has indicated good correlation and reliability  of values 
27 over a wide range of flow.  

28 K.2.2 Backwaters 
29 Backwaters along the LCR between Davis Dam  and Imperial Dam  were originally 
30 mapped in 1986.  In order to reflect more current conditions, that effort was updated in 
31 2000 when the backwaters  were inventoried and described by GEO/Graphics, Inc. under 
32 contract with the Bureau of Reclamation (Reclamation) (GEO/Graphics, Inc. 2000).  
33 Using color aerial photography taken in  1997, a total of 461 backwaters were identified.  
34 Although 461 backwaters were identified and characterized, a number of them would 
35 either not be impacted by changes in river water surface elevations or were canals, 
36 marinas, or other artificial features that support little or no habitat.  Once these 
37 backwaters were removed from  the dataset, the analysis included 380 backwaters.  Field 
38 verification was conducted by  helicopter on April 17, 2000. 

39 A detailed analysis, the backwaters were identified by shape—linear, ellipsoid, and 
40 combination, where a backwater had both linear and ellipsoid characteristics—and 
41 consolidated into twenty-seven representative backwaters which were selected for 
42 detailed surveys.  This group included some of each shape because it was originally 
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1 thought that bank slopes were significantly different for different shapes.  The surveys 
2 were conducted using both global positioning system technology and traditional land 
3 surveying methods.  Survey lines generally included several cross-sections and profiles 
4 along the longitudinal and lateral axes.  

5 Analysis of bank slope data from surveys that were conducted on representative 
6 backwaters reveal typical bank slopes in the range of 30 to 39 degrees from horizontal.  
7 These values closely approximate those documented in the literature as the angle of 
8 repose for natural, unconsolidated slopes (Longwell et al. 1969; Bates and Jackson 1980).  
9 It was also found that there was little difference in bank slopes of different shaped 

10 backwaters.  Slopes were also not necessarily consistent on an individual backwater.  So, 
11 instead of trying to associate specific backwaters or backwater shapes with a particular 
12 bank slope, a slope of 30 degrees was used for all backwaters.  Use of this flatter slope 
13 value of 30 degrees provides a conservative (high end) estimate of impacts contributed by 
14 the reduction in surface water area. 

15 For the evaluation of effects to open water and marsh habitat in backwaters, backwaters 
16 were characterized by how much open water and how much emergent vegetation each 
17 contained.  As water levels within the backwater declined, the surface area for the 
18 backwater would also decline, and the area of emergent vegetation would also decline.  

19 Backwaters classified as directly connected had a surface water connection leading 
20 directly from the River channel.  Backwaters classified as indirectly connected are 
21 separated from the River and are supported by groundwater.  Effects to directly 
22 connected backwaters were determined using the hourly river surface analysis and effects 
23 to indirectly connected backwaters were determined using the groundwater analysis.  

24 K.2.3 Groundwater 
25 Groundwater adjacent to the river is influenced by the annual median elevation of the 
26 water surface in the river.  If the river-influenced groundwater elevation declines because 
27 of reduction in annual median river elevation, vegetation supported by that groundwater 
28 may be impacted.  The methodology for determining the area of groundwater influenced 
29 by the river and the changes in groundwater table elevation induced by median river 
30 elevation changes are presented here. 

31 Riparian vegetation along the river is supported by water from the river.  Water is lost 
32 (creating a “losing section”) from the river in reaches where there is no irrigation but 
33 there are stands of riparian vegetation.  This is because there is no input of water to the 
34 groundwater from its use on agricultural lands so the use by vegetation induces a water 
35 table gradient away from the river.  The river is essentially the only source of water for 
36 the flood plain riparian vegetation because tributary  groundwater inflow is extremely  
37 small.  The groundwater table elevation at any location in losing sections will be the same  
38 as a decline in river annual median river surface elevation.  It will take a period of time 
39 for the decline in elevation of the groundwater table to stabilize at a decline equal to that 
40 of the river because of the slow movement of groundwater, and that is why an annual 
41 median reduction in Colorado River surface water elevation was used in determining 
42 impacts to groundwater elevations.  The small average annual tributary  groundwater 
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1 inflow, where applicable, and water consumption by riparian vegetation are assumed to 
2 remain constant and, therefore, will have no influence on changes in groundwater table 
3 elevations. 

4 The river gains water where river water is used for agricultural irrigation on the adjoining 
5 flood plain or within the river valley.  These sections are defined as “gaining” sections.  
6 The amount of water “gained” in these sections is less than the amount diverted upstream  
7 for irrigation because of crop consumptive use and evaporation.  In these sections the 
8 amount of water not consumptively used by  irrigated crops or evaporated, percolates 
9 down to the water table (deep percolation).  This deep percolation raises the groundwater 

10 elevation and creates a water table gradient towards the river either directly  or through 
11 drains.  In these gaining sections, near-river groundwater table elevations are influenced 
12 by irrigated agriculture as well as water surface elevations in the river. 

13 During the mid-1970s, Loeltz and Leake (1983) studied groundwater conditions in the 
14 Yuma area.  While the primary purpose of this study was to quantify agricultural 
15 drainage flows that return to the river, some of the data from the study can be used to 
16 estimate the response in groundwater elevations to changes in annual median river water 
17 surface elevations in “gaining” sections since all the effective transects were in 
18 agricultural areas.  In this study  18 observation well transects were established about one 
19 mile apart between Laguna Dam and Morelos Diversion Dam.  Each transect consisted of 
20 observations wells 100 and 400 feet from the edge of the river on each side.  The 
21 transects were aligned perpendicular to the river.  Results from this study are believed to 
22 be applicable to other valleys along the LCR because the geohydrology is similar (see 
23 U.S. Geological Survey Professional Papers 486-G, 486-H, and 486-J for a detailed 
24 description of the river aquifer from Davis Dam to Yuma).  Most of the wells used in this 
25 study were destroyed during the 1983 high flows on the river, so are no longer available 
26 for data collection. 

27 The first step for determining changes in groundwater table elevations was to mark river 
28 annual median river water surface elevation changes at each of the 33 RM locations.  
29 Changes to the nearest two-tenths of a foot were then interpolated between the 
30 33 locations and marked along the centerline of the river.  At each location of a 0.2-foot  
31 increment mark a perpendicular cross-section was drawn through the profile of the 
32 groundwater aquifer.  In “gaining” sections where groundwater is influenced by irrigated 
33 agriculture, the groundwater elevation decline was set at one-half the annual median river 
34 water surface elevation decline at the edge of the irrigated field nearest the river, based on 
35 data from the Loeltz and Leake (1983) study.  Moving away from the river, the 
36 groundwater decline was set at zero at a point on the cross-section where the distance 
37 from the edge of the field (where the decline was half the river decline) is equal to the 
38 distance from the bank of the river to the edge of the irrigated field.  As an example, if 
39 the annual median river water surface declined by 1 foot, the decline in groundwater 
40 elevation was 0.5 foot at the edge of the nearest field on the cross-section.  If the distance 
41 from the river bank to the field edge was half a mile, then, going along the cross-section 
42 away from the river, at a point ½ mile from the field edge the groundwater decline was 
43 set at zero. 

44 In “losing” sections, the decline in groundwater elevation was set equal to the annual 
45 median river surface elevation decline along the entire cross-section.  The rationale for 
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1 this is that the only source of water for these areas is the river, and therefore the full 
2 reduction to the groundwater would effectively characterize the effect.  Once those points 
3 were established, contour lines joining points of equal groundwater declines were drawn.  
4 The contour lines were digitized and contour maps were developed. 

5 An estimate of riparian, and indirectly connected backwater, acreage influenced by a 
6 reduction in annual median river surface elevation resulting from changes in flow was 
7 made by overlaying the groundwater decline contour map on aerial photo-based land 
8 cover type maps (see BA  Chapter 4 and HCP Chapter 3 for descriptions of the land cover 
9 types and mapping).  Results of this analysis were used to quantify the effects of  

10 implementing the future flow-related covered activities on covered species habitats. 

11 K.3 Analysis Results 
12 Results of the modeling described above were used to establish how water surface 
13 elevation changes of the river would effect water surface area changes on the river, water 
14 surface areas of backwaters connected to the river, and in water table elevations of 
15 groundwater influenced by  the river.  The reduction in area of river, backwaters and 
16 associated marsh, and riparian vegetation are illustrated in this section. 

17 K.3.1 River and Backwaters 
18 Impacts for river, directly connected backwaters and associated marsh were determined 
19 for three months of the year.  The most extreme changes occurred in April (Tables K-1 
20 and K-2).  Because of the desire to analyze a worst-case condition,  the changes for the 
21 month of April were used in the analysis of impacts on covered species habitat. 

22 The following table shows the river area by  reach and the reductions in that area for each 
23 month that flows were analyzed.  The acres of reduction presented for April in these 
24 tables were used in defining the effects to  aquatic and marsh associated covered species.  

25 Table K-1.  Reduction in River Area Acres 

Reduction in River Area (acres) Current River 
Reach Area (acres) April August December 

3 3,585 53 8 0 

4 and 5 10,303  137 77 48 

Total  13,888  190 85 48 
26  
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1 Table K-2.  Reduction in Backwater Area  

Reduction in Backwater Emergent  Area Reduction in Backwater Open Water Current Total (acres) a  Area (acres) a  Backwater 
Reach Area (acres) April August December April August December 

3 3,289 24 6 0 8 2 0 

4 and  5 7,234 109 62 48 68 39 30 

Total  10,523  133 68 48 76 41 30 
a  The numbers used for the impact analysis in the Draft LCR MSCP documents have been corrected in these 

final  documents.  The change  is the result of the correction of an error. 
2  

3 K.3.2 Groundwater 
4 Digitized contour maps showing groundwater table elevation changes are shown in 
5 Figures K-2–K-4.  The contours are only shown in mapped riparian vegetation areas. 

6 As shown by  the contours, the maximum predicted reduction in groundwater elevation is 
7 0.8 feet in Reach 3, 1.6 feet in Reach 4, and 1.2 feet in Reach 5. 

8 For example, Table K-3 shows that groundwater levels could decline beneath 2,008 acres 
9 of the cottonwood-willow land cover type.  These figures do not reflect the amount of 

10 covered species habitat lost as described in the HCP and BA, but are the dataset used in 
11 conjunction with the species habitat models (see BA  Chapter 4 and HCP Chapter 3) to 
12 define the effects to the species. 

13 Table K-3.  Potential Reduction in Extent of Cottonwood-Willow Land Cover Resulting 
14 From Groundwater Elevation Changes 

Reach Cottonwood-Willow 
Structural Typea  3 4 5 Total 

I 7 47 66 120 

II 13 26 2 41 

III 405 394 465 1,264 

IV 44 283 63 390 

V 42 31 3 76 

VI 26 75 16 118 

Total 537 855 616 2,008 
a  See Section 4.4.1 of the LCR MSCP BA and Section 3.4.1 of the LCR  

MSCP HCP for a description of the structural types. 
15  
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Figure K-2 
Groundwater Drop Zones Associated with 0.86 maf Flow Reduction 

in Colorado River Between Davis and Parker Dams (Reach 3) 
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Figure K-3 
Groundwater Drop Zones Associated with 1.574 maf Flow Reduction 
in Colorado River Between Parker Dam and Imperial Dams (Reach 4) 
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Figure K-4 
Groundwater Drop Zones Associated with 1.574 maf Flow Reduction 
in Colorado River Between Parker Dam and Imperial Dams (Reach 5) 
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1 Appendix L 
2 Reach 7 Effects 

3 This analysis discusses the potential effects in Reach 7.  These effects include the 
4 international border below the Northerly International Boundary (NIB) because the east 
5 side of the river is the U.S. and the west side is Mexico.  Effects on resources could occur 
6 from potential changes in floodflow releases reaching Morelos Diversion Dam as a result 
7 of extending the Interim Surplus Guidelines through 2051.  Water flowing into Reach 7 is 
8 controlled by Mexican operation of Morelos Diversion Dam at the upper end of the 
9 reach.  Morelos Diversion Dam is the primary diversion point of Colorado River water 

10 delivered to Mexico under the Utilization of Waters of the Colorado and Tijuana Rivers 
11 and of the Rio Grande—Treaty between the United States of America and Mexico, dated 
12 February 3, 1944 (1944 Water Treaty). 

13 L.1 Methodology 
14 The analytical approach used to evaluate potential impacts in this reach is the same as 
15 that used for the Interim Surplus Guidelines (ISG).  The incremental hydrological change 
16 between the baseline conditions and the analyzed alternative was determined by 
17 modeling the Colorado River system.  Environmental baseline conditions are those 
18 expected to result from the full development of the river waters.  This includes the full 
19 development of the water allocated to the lower Colorado River (LCR) Basin and up to 
20 5.9 million acre-feet per year (mafy) of development of the upper Colorado River Basin 
21 allocation as recognized by the Colorado River Compact.  The same modeling 
22 assumptions used for the analysis of impacts on Lake Mead elevations were used for this 
23 analysis.  A complete discussion of the model and assumptions is found in Appendix J. 

24 The potential effects on the resources in this reach cannot be specifically determined 
25 because of the uncertainty of water use once it flows across the NIB and becomes 
26 available to Mexico.  The waters of the Colorado River, once delivered to Mexico, as 
27 agreed upon in the 1944 Water Treaty, are under the jurisdiction of Mexico.  The 1944 
28 Water Treaty contains no provisions requiring Mexico to provide water for 
29 environmental protection, nor any requirements relating to Mexico’s use of that water.  It 
30 is reasonably foreseeable that Mexico will continue to maximize consumptive use of its 
31 Colorado River water apportionment for agricultural, municipal, and industrial purposes. 

32 For clarification it is necessary to distinguish Mexico’s receipt of up to 200,000 acre-feet 
33 (af) of scheduled surplus water from that of additional water, which this analysis refers to 
34 as “excess flows.”  The 200,000 af of flood control surplus to Mexico is in addition to the 
35 amount necessary to supply uses in the United States and the more assured quantity of 
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1 1.5 mafy to Mexico.  This 200,000 af is scheduled by Mexico and is spread over the 
2 entire year as outlined in Article 15 of the 1944 Water Treaty, and is different from the 
3 surplus water that will be generated from the surplus guidelines.  Excess flows result 
4 from flood control operations, unanticipated contributions from events such as flooding  
5 along the Gila River, and/or other factors resulting in canceled water orders by water 
6 users below Parker Dam.  The change in probability  of these excess flows is the subject 
7 of this analysis.  Mexico has complete autonomy as to how they manage apportioned 
8 (scheduled surplus water) and excess Colorado River flows. 

9 L.2 Flows Past Morelos Diversion Dam 
10 Currently, water can flow past Morelos Diversion Dam under three circumstances; (1) as 
11 a result of canceled water orders that Mexico is unable to divert at Morelos Diversion 
12 Dam; (2) during a Gila River flood event; and (3) during flood control releases along the 
13 mainstem Colorado River.  

14 Water released from Parker Dam to meet U.S. orders from irrigation districts in Imperial 
15 Valley, Coachella Valley,  and the LCR Valley,  normally takes up to 3 days to reach its 
16 point of diversion.  Occasionally, unforeseen events, such as localized precipitation, 
17 result in irrigation districts canceling these water delivery orders after the water has been 
18 released at Parker Dam.  Usually, the water is diverted at Morelos Diversion Dam for use 
19 in Mexico; however, some of this water may flow past Morelos Diversion Dam.  The 
20 volume of water passing by Morelos Diversion Dam as a result of cancelled water orders 
21 by contract users is rare enough not to have much effect on species and habitat in Reach 7 
22 below the NIB.  Mexico has the capability to divert more than its normal water order of 
23 900–5,500 cfs.  During those times that Mexico’s water order is below 5,500 cfs, they  
24 can divert water arriving at Morelos Diversion Dam above their water order.  Extension 
25 of the surplus criteria will not affect water that flows past the NIB as a result of canceled 
26 water orders. 

27 Gila River flows are unaffected by the proposed action and are constant between the 
28 baseline and the analyzed alternative.  Therefore, those flows are not modeled.  It should 
29 be noted that the last two events (1993 and 1997) that resulted in significant amounts of 
30 water downstream of Morelos Diversion Dam were caused by Gila River floodflows 
31 entering the Colorado River upstream,  not floodflow releases in the Colorado River 
32 mainstem. 

33 L.3 Baseline Condition 
34 Excess flows below Morelos Diversion Dam  are almost entirely attributable to flood 
35 control releases originating at Hoover Dam.  These flood control releases are dictated by  
36 the flood control criteria established for Lake Mead and Hoover Dam and are dependent 
37 on hydrologic conditions.  Mexico can schedule up to 200,000 af annually  during years 
38 when flood control releases occur; however, it is important to remember that the water 
39 that flows beyond the NIB is managed by Mexico and may be used for their beneficial 
40 human uses and, therefore, may not flow down Reach 7.  As floodflows arrive at Morelos 
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1 Diversion Dam, Mexico has the discretion to divert more water than their water order or 
2 allow all the additional flows to move downstream of Morelos Diversion Dam.   In the 
3 past, Mexico has generally  chosen to increase its diversion for use in agriculture for 
4 increased crop production and soil salinity improvement, or for diluting flows delivered 
5 at the Southerly International Boundary, municipal and industrial uses, or to recharge 
6 groundwater aquifers in the Mexicali Valley.  

7 Both the frequency and magnitude of excess flows are important factors in restoring and 
8 maintaining riparian habitat below Morelos Diversion Dam.  Those flows are analyzed in 
9 more detail in this section.  It should be emphasized that Mexico’s management decisions 

10 at and below Morelos Diversion Dam are not modeled because of the uncertainty of what 
11 Mexico chooses to do with excess water.  Therefore, the hydrologic analyses assume that 
12 any water in excess of Mexico’s scheduled normal or surplus deliveries are flows that 
13 would not be diverted by  Mexico and would continue down the LCR channel below 
14 Morelos Diversion Dam through Reach 7. 

15 The potential for future excess flows of any magnitude to Reach 7 is shown in Figure L-1 
16 and Table L-1.  The frequency of occurrence is computed by counting the number of 
17 modeled traces for each year that has excess annual flows and dividing by the total 
18 number of traces (85).  As shown in Figure L-1, under baseline conditions, the 
19 probability is a maximum of 21 percent in 2018 and then follows a gradually declining 
20 trend.  The gradual decline in the trend can be attributed to increasing Upper Basin 
21 depletions.  Under baseline conditions, the frequency of occurrence of flows past Morelos 
22 Diversion Dam of any magnitude declines to about 15 percent in 2051. 

23 Predicting magnitudes of flows that could be expected from 2002 until 2051 is difficult.  
24 One way is to examine the probability of occurrence of flows greater than specified 
25 volumes based on historical data.  A volume of 250,000 af was selected for this analysis.  
26 This volume of flows may  be expected to be generally beneficial for natural resources in 
27 Reach 7 (Luecke et al. 1999).   Figure L-2 and Table L-2 shows the potential for excess 
28 flows of 250,000 af or greater to Mexico under baseline conditions.  As illustrated, the 
29 probability of excess flows under baseline conditions exceeding 250,000 af is a 
30 maximum of 20 percent in 2026 and gradually declines to about 14 percent in 2051.  
31 Similarly, Figure L-3 and Table L-3 show the probability of excess flows of 1 maf or 
32 greater to be 13 percent in 2021. 

33 L.4 Comparison of the Analyzed Alternative to the 
34 Baseline Condition 
35 Figure L-1 presents a graphic comparison of future frequency  of excess flows of any 
36 magnitude to Mexico under the analyzed alternative to those under the baseline 
37 conditions.  The probability of excess flows of any magnitude to Mexico for the analyzed 
38 alternative is compared to baseline conditions for selected years in Table L-1.  The 
39 analyzed alternative shows slightly higher probability of occurrence compared to the 
40 baseline through 2019.  This higher probability  is attributable to the implementation of 
41 water transfers on the LCR that reduce the call for surplus from Lake Mead, resulting in 
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1 higher Lake Mead levels.  After 2019, the probability of occurrence of excess flows of 
2 any magnitude is equal to or slightly less for the baseline and analyzed alternative. 

3 Figure L-2 and Table L-2 show the probability of excess flows to Reach 7 that would 
4 exceed 250,000 af in one year.  As stated before, this volume was selected for analysis 
5 because it may be expected to be generally beneficial for natural resources in Reach 7.  
6 This analysis assumes the flows of 250,000 af or greater would arrive at Morelos 
7 Diversion Dam  at a flow rate that could not be entirely diverted.  As stated before, 
8 Mexico has complete discretion over use of the water within its diversion capacity once it 
9 reaches Morelos Diversion Dam.  Mexico has the capacity to divert more than its normal 

10 water order; and, therefore, flows within its diversion capacity are expected to be diverted 
11 in its entirety.  However, examination of International Boundary and Water Commission 
12 (IBWC)–reported flows at the Southerly  International Boundary (SIB) shows flows 
13 accruing throughout the reach ranging from 234,868 af in 2000; 98,947 af in 2001; and 
14 48,771 af in 2002.  This indicates water accrues through the reach from smaller amounts 
15 bypassed at Morelos Diversion Dam, seepage through the dam, and groundwater 
16 accumulation through the reach. 

17 The data displayed in Figure L-2 and Table L-2 for excess flows exceeding 250,000 af in 
18 one year show the same trends as the probability  of excess flow of any magnitude.  That 
19 is, there would be a slightly higher probability of occurrence until 2018.  After that date, 
20 the probabilities are equal or slightly lower between the analyzed alternative and the 
21 baseline conditions.  These probabilities indicate periodic flows of 250,000 af will 
22 continue in any  year under the analyzed alternative at about the same expected recurrence 
23 level as currently experienced. 

24 The above probabilities indicate conditions below Morelos Diversion Dam  would be 
25 slightly less than those presumed to be beneficial.  Luecke et al. (1999) states it is not yet 
26 possible to quantify with certainty the required volume and frequency of these high 
27 flows. 

28 Mexico has complete discretion over the use of water entering that country.  As stated 
29 before, excess flows are generally  diverted when possible for uses other than species and 
30 habitat.  It is only when the amount of water arriving at Mexico is in excess of what can 
31 be diverted that benefits to species and habitat can be realized. 
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Figure L-1 
Probability of Flows Past Morelos Diversion Dam 
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Figure L-2 
Probability of Flows Past Morelos Diversion Dam

 Exceeding 250,000 Acre-Feet 
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Figure L-3 
Probability of Flows Past Morelos Diversion Dam

  Exceeding 1,000,000 Acre-Feet 
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  Reach 7 Effects 

 

1 Table L-1.  Probability of Flows Past Morelos Diversion Dam 

Year Baseline Proposed Action Year Baseline Proposed Action 

Dec-03 0.0% 0.0% Dec-28  20.0% 20.0% 

Dec-04 0.0% 0.0% Dec-29  18.8% 18.8% 

Dec-05 4.7% 4.7% Dec-30  17.6% 17.6% 

Dec-06 5.9% 7.1% Dec-31  18.8% 18.8% 

Dec-07 9.4% 12.9% Dec-32 18.8% 18.8% 

Dec-08 11.8% 16.5% Dec-33 18.8% 17.6% 

Dec-09 14.1% 17.6% Dec-34 17.6% 17.6% 

Dec-10 17.6% 20.0% Dec-35 20.0% 17.6% 

Dec-11 15.3% 18.8% Dec-36 18.8% 18.8% 

Dec-12 17.6% 18.8% Dec-37 17.6% 17.6% 

Dec-13 17.6% 18.8% Dec-38 15.3% 14.1% 

Dec-14 15.3% 18.8% Dec-39 17.6% 17.6% 

Dec-15 11.8% 14.1% Dec-40 14.1% 14.1% 

Dec-16 15.3% 16.5% Dec-41 16.5% 15.3% 

Dec-17 17.6% 20.0% Dec-42 16.5% 16.5% 

Dec-18 18.8% 21.2% Dec-43 12.9% 11.8% 

Dec-19 21.2% 21.2% Dec-44 14.1% 14.1% 

Dec-20 18.8% 17.6% Dec-45 16.5% 16.5% 

Dec-21 21.2% 21.2% Dec-46 12.9% 12.9% 

Dec-22 18.8% 18.8% Dec-47 15.3% 14.1% 

Dec-23 18.8% 17.6% Dec-48 15.3% 14.1% 

Dec-24 18.8% 17.6% Dec-49 14.1% 14.1% 

Dec-25 18.8% 18.8% Dec-50 15.3% 14.1% 

Dec-26 20.0% 20.0% Dec-51 15.3% 15.3% 

Dec-27 21.2% 20.0%    
2  
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1 Table L-2.  Probability of Flows Past Morelos Diversion Dam Exceeding 250,000 Acre-Feet 

Year Baseline Proposed Action Year Baseline Proposed Action 

Dec-03 0.0% 0.0% Dec-28  18.8% 18.8% 

Dec-04 0.0% 0.0% Dec-29  18.8% 18.8% 

Dec-05 4.7% 4.7% Dec-30  16.5% 15.3% 

Dec-06 5.9% 5.9% Dec-31  16.5% 14.1% 

Dec-07 8.2% 11.8% Dec-32 17.6% 18.8% 

Dec-08 11.8% 15.3% Dec-33 16.5% 16.5% 

Dec-09 12.9% 16.5% Dec-34 14.1% 12.9% 

Dec-10 15.3% 17.6% Dec-35 17.6% 15.3% 

Dec-11 15.3% 16.5% Dec-36 17.6% 17.6% 

Dec-12 16.5% 18.8% Dec-37 14.1% 12.9% 

Dec-13 17.6% 18.8% Dec-38 15.3% 14.1% 

Dec-14 14.1% 18.8% Dec-39 16.5% 15.3% 

Dec-15 11.8% 14.1% Dec-40 12.9% 12.9% 

Dec-16 12.9% 16.5% Dec-41 14.1% 14.1% 

Dec-17 17.6% 18.8% Dec-42 16.5% 14.1% 

Dec-18 17.6% 21.2% Dec-43 10.6% 11.8% 

Dec-19 18.8% 17.6% Dec-44 12.9% 12.9% 

Dec-20 16.5% 16.5% Dec-45 16.5% 16.5% 

Dec-21 17.6% 15.3% Dec-46 11.8% 11.8% 

Dec-22 16.5% 17.6% Dec-47 14.1% 14.1% 

Dec-23 18.8% 17.6% Dec-48 11.8% 11.8% 

Dec-24 16.5% 17.6% Dec-49 11.8% 11.8% 

Dec-25 17.6% 17.6% Dec-50 12.9% 11.8% 

Dec-26 20.0% 16.5% Dec-51 14.1% 14.1% 

Dec-27 20.0% 18.8%    
2  
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1 Table L-3.  Probability of Flows Past Morelos Diversion Dam Exceeding 1 Million Acre-Feet 

Year Baseline Proposed Action Year Baseline Proposed Action 

Dec-03 0.0% 0.0% Dec-28  9.4% 10.6% 

Dec-04  0.0% 0.0% Dec-29  9.4% 9.4% 

Dec-05  1.2% 3.5% Dec-30  9.4% 9.4% 

Dec-06  3.5% 3.5% Dec-31  9.4% 9.4% 

Dec-07  3.5% 3.5% Dec-32  8.2% 9.4% 

Dec-08  9.4% 9.4% Dec-33  10.6% 9.4% 

Dec-09  8.2% 9.4% Dec-34  8.2% 9.4% 

Dec-10 9.4% 12.9% Dec-35  9.4% 9.4% 

Dec-11  9.4% 9.4% Dec-36  9.4% 9.4% 

Dec-12 10.6% 11.8% Dec-37  8.2% 8.2% 

Dec-13 9.4% 10.6% Dec-38  8.2% 7.1% 

Dec-14 9.4% 10.6% Dec-39  8.2% 7.1% 

Dec-15 8.2% 7.1% Dec-40  10.6% 10.6% 

Dec-16  8.2% 9.4% Dec-41  8.2% 7.1% 

Dec-17 10.6% 11.8% Dec-42  8.2% 7.1% 

Dec-18 9.4% 11.8% Dec-43  8.2% 9.4% 

Dec-19 10.6% 10.6% Dec-44 9.4% 11.8% 

Dec-20 10.6% 10.6% Dec-45  8.2% 8.2% 

Dec-21 12.9% 12.9% Dec-46  7.1% 7.1% 

Dec-22 10.6% 10.6% Dec-47  7.1% 8.2% 

Dec-23  9.4% 8.2% Dec-48  8.2% 7.1% 

Dec-24 9.4% 10.6% Dec-49  7.1% 7.1% 

Dec-25  9.4% 9.4% Dec-50  8.2% 7.1% 

Dec-26 10.6% 10.6% Dec-51  7.1% 5.9% 

Dec-27 12.9% 11.8%    
2  

3 L.5 Summary 
4 In summary, there are only  minor differences in the potential magnitudes and potential 
5 frequencies of excess flows between baseline conditions and the analyzed alternative.  
6 These differences are not expected to be significant. 
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1 Appendix M 
2 Effects of Flow-Related  
3 Covered Activities on Lake Mead 

4 M.1 Introduction 
5 This appendix documents the effects of the covered actions on the elevation of Lake 
6 Mead.  The U.S. Department of the Interior, Bureau of Reclamation (Reclamation) has 
7 identified three future flow-related actions that may affect elevations at Lake Mead.  
8 These potential future actions are:  1) the extension of surplus criteria; 2) the adoption of 
9 shortage criteria; and, 3) transfers within the Lower Basin.  The purpose of this analysis 

10 is to determine whether the anticipated changes in lake elevations are likely to have 
11 effects on riparian or fish habitat.  The impact analysis contained in this appendix looks at 
12 the combined affects of all three types of actions.  An analysis was also performed to 
13 determine the effects of each individual action, which are presented in detail. 

14 Reclamation has described conservation measures in the Biological Opinion for Interim 
15 Surplus Criteria, Secretarial Implementation Agreements, and Conservation Measures on 
16 the Lower Colorado River, Lake Mead to the Southerly International Boundary Arizona, 
17 California and Nevada (ISC/SIA BO) (U.S. Fish and Wildlife Service 2001). The Lower 
18 Colorado River Multi-Species Conservation Program (LCR MSCP) model of effects to 
19 Lake Mead includes an assumption that the Interim Surplus Criteria (ISC) continue 
20 through 2051.  This model assumption has been carried through in the LCR MSCP 
21 analysis to estimate the most permissive potential set of surplus criteria and therefore a 
22 “worse-case” scenario of potential effects. 

23 M.2 Continuation of Ongoing Conservation 
24 Measures 
25 The conservation measures described in the ISC/SIA BO are designed to reduce the 
26 significance of effects on listed species and critical habitat.  Although the analysis of 
27 impacts on Lake Mead does not indicate significant new effects resulting from the 
28 covered actions, continuation of the measures described in the ISC/SIA BO as described 
29 below are to be included in the LCR MSCP. 
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1 1. LCR MSCP will continue to provide funding and support for  continuation of the 
2 ongoing Lake Mead razorback sucker study.  The focus will be on resolving any 
3 remaining questions about the location of  populations of razorbacks in Lake Mead 
4 from the lower Grand Canyon (Separation Canyon) area downstream to Hoover 
5 Dam, documenting use and availability  of spawning areas at various water elevations, 
6 clarifying substrate requirements, monitoring potential nursery areas, continuing 
7 ageing studies and confirming recruitment events that may be tied to physical 
8 conditions in the lake.  The LCR MSCP and the U.S. Fish and Wildlife Service 
9 (USFWS) will agree to the term and further define the scope of this study.  This study  

10 may be followed by further research and monitoring within the adaptive management 
11 program of the LCR MSCP. 

12 2. Reclamation will to the maximum  extent practicable provide rising spring (February– 
13 April) water surface elevations of 5–10 feet on Lake Mead, to the extent hydrologic 
14 conditions allow.  This operation plan will be pursued through Beach/Habitat 
15 Building Flows (BHBF) and/or equalization and achieved through the Glen Canyon 
16 Adaptive Management Program and Reclamation’s Annual Operating Plan processes, 
17 as determined for spawning razorback suckers. 

18 3. Reclamation will continue existing operations on Lake Mohave that benefit native 
19 fish during the term of the LCR MSCP and will explore additional ways to provide 
20 benefits to native fish. 

21 4. Reclamation will monitor water levels of Lake Mead from February through April of 
22 each year during the term of the LCR MSCP.  The LCR MSCP will evaluate the 
23 impacts to razorback spawning at water levels below elevation 1160 feet mean sea 
24 level (msl).  The ISC/SIA BO includes a conservation measure to collect and rear 
25 larval razorbacks from Lake Mead if the lake elevation falls below this level, based 
26 upon an assumption that razorback spawning would be reduced or eliminated at  
27 water elevations below that level.  It should be noted however, that the spawning 
28 population of razorback sucker found in  Echo Bay moved to a lower elevation in 
29 2002 and spawned, as the spawning location they had previously  used was dry.  This 
30 indicates that razorback sucker can successfully move their spawning location into 
31 progressively lower elevations of the lake as the lake recedes.  Given this new 
32 information, the LCR MSCP and USFWS will evaluate the data developed in 
33 measure number 1, and determine if larva collection is appropriate, and if so at what 
34 water elevation it should be implemented. 

35 M.3 Discussion/Analysis—Background 
36 Hydrologic modeling was performed to show the probability of future hydrologic 
37 conditions for Lake Mead.  Since the future conditions are most sensitive to the inflows 
38 into the system, the model is run 85 times, each with a different inflow assumption based 
39 on historical data.  The resulting set of possible outcomes (called “traces”) is then  
40 statistically analyzed.  These analyses consist primarily of ranking the outcomes in each 
41 future year and computing percentiles from the rankings.  A complete description of the 
42 modeling procedure may be found in Appendix J. 
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1 M.4 Assumptions used in Modeling 
2 The following assumptions were used for the modeling: 

 
 

 

 
 

 

 

 

 

                                                      

3 M.4.1 Covered Actions 
4 1. ISC:  current provisions are extended to 2051. 

5 2. Transfers:  845,000 acre-feet per year (afy) is transferred from below Davis Dam to 
6 above Hoover Dam, 860,000 afy from below Parker Dam to above Davis Dam, and 
7 1.174 million acre-feet per year (mafy) from Imperial Dam diversions to above 
8 Parker Dam.1 

9 3. Shortage Criteria:  The first level shortage is triggered by elevations that protect 
10 Mead elevation 1050 feet msl with approximately 80 percent assurance (80P1050).  
11 The second level shortage protects Lake Mead elevation 950 feet msl with 
12 100 percent assurance.  These levels represent the lowest levels Reclamation may use 
13 for shortage criteria when established, in order to provide the lowest extreme for 
14 impact analysis.  The 600,000 af of water conserved through federal conservation 
15 efforts does not stay in Lake Mead and isn’t distributed downstream.  This provides 
16 the worst case scenario for impacts to Lake Mead.  This assumption is used because 
17 while the 600,000 af will be distributed downstream, at this time routing and 
18 destination of this water is unknown.  This scenario also covers any impacts a 
19 maximum reduction of 60,000 af from Virgin and Muddy River inflows due to 
20 development of that water by Nevada.  That amount of water is subsumed in the 
21 600,000 af discussed above.  Also, some portion of the conserved water may stay in 
22 Lake Mead over some period of time. 

23 4. 1944 Water Treaty Deliveries:  1.515 maf of water delivered annually to Mexico.  Up 
24 to 200,000 af in surplus water is made available to Mexico during flood control 
25 surplus events.  Flows in excess of 1.7 maf are possible and are the result of flood 
26 control releases required by U.S. Army Corps of Engineers (Corps) regulations 
27 applicable to operation of Hoover Dam. 

28 M.4.2 Baseline 
29 1. ISC:  terminate in 2016. 

30 2. Transfers:  400,000 af is transferred from Imperial Dam diversions to above Parker 
31 Dam. 

32 3. Shortage Criteria:  The first level shortage is triggered by elevations that protect 
33 Mead elevation 1083 feet msl with approximately 80 percent assurance (80P1083).  
34 The second level shortage protects Lake Mead elevation 1000 feet msl with 
35 100 percent assurance.  There are no shortage criteria at present for Lake Mead 
36 operations.  The criteria used for the baseline are based on operations staff judgment 

1  Note:  Reclamation has consulted on and received environmental compliance under the ISC/SIA BO for transfer of 400,000 af. 

Lower Colorado River December 2004 
Multi-Species Conservation Program M-3 
Final Appendices to Volumes I–III and V J&S 00450.00 

http:00450.00


  Effects of Flow-Related Covered Activities on Lake Mead 

 

1 of a probable scenario for protection.  This criteria has been used in previous 
2 analyses, and is used here for consistency. 

3 4. 1944 Water Treaty Deliveries:  1.515 maf of water delivered annually to Mexico.  Up 
4 to 200,000 af in surplus water is made available to Mexico during flood control 
5 surplus events.  Flows in excess of 1.7 maf are possible and are the result of flood 
6 control releases required by Corps regulations applicable to operation of Hoover 
7 Dam.  

8 M.5 Modeling Results 
9 M.5.1 Analysis with Three Covered Actions 

10 The results of the analysis of the covered actions are as follows:  Figure M-1 shows the 
11 75th, 50th (median), and 25th percentile levels for Lake Mead elevations for the baseline 
12 and covered actions for the years 2002 through 2051.  These percentile levels were  
13 selected for analysis because higher and lower levels (the 90 percent and 10 percent, as 
14 were used in previous analyses) reflected  least likely  scenarios.  The 90 percent level 
15 represents essentially maximum inflow to Lake Mead over the period of analysis, and the 
16 10 percent level represents continual drought conditions over the period of analysis. 

 

 

 

17 Figure M-1 
18 Lake Mead End-of-December Water Elevations 
19 Comparison of Baseline to Action Alternative (All Actions) 
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1 It should be noted that none of these lines are the result of any  particular assumed inflow 
2 (or outcome), but rather are a statistical compilation of the set of possible outcomes.  
3 Therefore, they are used to show general trends over the next few decades.  The general 
4 decline in lake level at the 25th and 50th  percentile levels for both the baseline and covered 
5 actions is a result of future Upper Basin depletions. 

6 At the 50th percentile, under the baseline, Lake Mead is predicted to decline from  
7 approximately 1,142 feet in December 2003  to approximately 1,104 feet in December 
8 2051.  As stated before, decline is due to future Upper Basin depletions. 

9 At the 50th percentile under the covered actions, the same trend is noted, Lake Mead will 
10 decline 38 feet from  approximately 1142 feet msl in December 2003 to approximately  
11 1,104 feet msl in December 2051.  During the intervening years, Lake Mead will be 
12 somewhat higher under the covered actions from 2002 through 2021 (maximum  
13 difference 15 feet higher in 2016).  After 2020, Lake Mead would be slightly lower under 
14 the covered actions (maximum difference approximately  12 feet lower in December 
15 2030). 

16 To further understand the potential effects of extending the ISC, 75th percentile and 25th  
17 percentile scenarios were also analyzed.  At the 75thth  percentile Lake Mead gradually 
18 rises from approximately 1147 feet msl to 1193 feet msl by 2018 and ends the sample 
19 period in 2051 at approximately 1186 feet msl.  The maximum difference in elevation 
20 between the baseline and covered actions is 11 feet occurring at the end of the study  
21 period. 

22 At the 25th percentile the baseline indicates lake levels would decline to approximately  
23 1,018 feet in 2035 and then generally rise to 1032 feet msl at the end of the study period 
24 in 2051.  The covered actions indicate lake levels to follow the same trend and end at 
25 1033 feet msl, approximately 1 foot higher. 

26 M.5.2 Analysis with Individual Actions 
27 An analysis of the proposed alternative was conducted as well as an analysis to determine 
28 the effect of each of the three separate actions that comprise the proposed alternative.  
29 This included the effect of the transfers, effect of the lower shortage protection and the 
30 effect of extending the interim surplus criteria.  An additional analysis of the effect of 
31 extending the surplus criteria plus the lower shortage criteria was also conducted.  

32 The effect of the transfers alone would have a positive effect on Lake Mead elevations in 
33 that there is a probability of higher Lake Mead levels than the baseline levels that may  
34 occur over the program term.  This is a result of more water being made available for 
35 municipal and industrial purposes from  agricultural use, not from surplus determinations 
36 out of Lake Mead.  The individual effect of the lower shortage protection and extending  
37 the surplus criteria (“no transfers option”) show probability of lower Lake Mead levels as 
38 opposed to the baseline (Figure M-2).  The effect of the no transfers option shows 
39 differences from the proposed alternative.  The first difference between the proposed 
40 alternative and the no transfers option occurs before 2017, which indicates little 
41 differences between the no transfers option from the baseline.  After 2017, comparison 
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1 shows a larger difference at the 50th percentile level than the proposed alternative.  The 
2 no transfers option shows a maximum 20 feet lower elevation than the baseline.  These 
3 analyses are further described in Appendix J. 

 

4 Figure M-2 
5 Lake Mead End-of-December Water Elevations 
6 Comparison of Baseline to Action Alternative Number 1D Conditions 
7 (Action Alternative Number 1D—Includes Extension of the  
8 Interim Surplus Guidelines and Lower Shortage Criteria) 
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10 

11 Several factors may influence the potential impacts of the implementation of the covered 
12 actions.  The modeling suggests Lake Mead water surface elevation will fluctuate 
13 between full and progressively lower levels.  Neither the timing of water level variations 
14 between the highs and the lows, nor the length of time the water level would remain high 
15 nor low can be predicted.  These events would depend on the future variation in basin 
16 runoff conditions.  However, the timing of the decline, as it relates to the exposed 
17 sediment, will influence the future riparian habitat composition.  The amount of decline 
18 may influence the establishment of riparian habitat.  Also, the potential for re-filling Lake 
19 Mead must be considered. 

20 M.5.3 Impact on Delta at Lake Mead 
21 The first factor is the timing of lake level declines.  From January  1978 until June 1990, 
22 Lake Mead elevations were above 1,182 feet on a continuous basis.  In June, 1990, Lake 
23 Mead elevation declined to approximately  1,182 feet and stayed below that elevation 
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1 until the end of 1992.  The initial decline to 1,182 feet in June, 1990, and 1,179 feet in 
2 July, 1990, coincided with seedfall for Goodding willow.  Approximately 1,400 acres of 
3 predominantly Goodding willow became established at the Lake Mead delta, near Pierce 
4 Ferry, Arizona, as sediments became exposed during this time period.  Willow stands 
5 also became established along the lower Grand Canyon, below Separation Rapids to the 
6 Lake Mead delta, and at the mouths of the Virgin and Muddy Rivers.  In contrast, Lake 
7 Mead elevations were rarely above 1,182 feet prior to 1978, with an eleven month period 
8 from May, 1962, until March, 1963, representing the longest period that Lake Mead 
9 elevation stayed above that mark, inundating the delta area.  Drought conditions in the 

10 1950s, compounded by the filling of Lake Powell in the 1960s, produced a scenario 
11 where Lake Mead elevations exposed the delta area for periods as long as ten years.  
12 During the years when Lake Mead elevations were high enough to  inundate the delta, 
13 these high lake levels almost always occurred during June and July.  The Lake Mead 
14 delta only became exposed before or after cottonwood-willow seedfall.  Thus, saltcedar, 
15 which seeds from  early spring to late fall, became the predominant community type in the 
16 Lake Mead delta area (Bureau of Reclamation unpublished data). 

17 As Lake Mead elevation declines, sediments become exposed.  A second factor that may  
18 influence the type of plant  community that will become established is the depth to 
19 groundwater or river surface elevation from these exposed sediments.  Current lake 
20 bottom elevations are not known and may, in fact, be slightly higher than the 1,182 foot  
21 elevation seen in 1990 due to the Glen Canyon experimental beach/habitat-building flow 
22 conducted during the spring of 1996 and normal sedimentation since then.  As the lake 
23 level declines and the present day lake bottom becomes exposed, the river elevation as it 
24 downcuts through the newly exposed delta will help determine whether cottonwoods or 
25 willows can survive, even if they become established.  If the river surface elevation is 8– 
26 10 feet below the surface of the exposed soil, cottonwoods and willows would begin to 
27 incur mortality, thus, opening gaps for saltcedar and other species to become established. 

28 The hydrologic modeling shows that Lake Mead elevations are projected to fluctuate 
29 between full level and progressively lower levels during the period of analysis (2003– 
30 2051) under both the baseline and covered actions.  However, as wet hydrologic cycles 
31 occur in the future, Lake Mead will fill.  If this event occurs after the establishment of 
32 riparian habitat due to declining lake levels, the newly established habitat would become  
33 inundated as occurred in the mid-1990s.  

34 It is difficult to determine exactly  how many  acres of riparian habitat may be formed due 
35 to declining Lake Mead elevations.  The majority of the Lake Mead shoreline does not 
36 have the soil necessary to regenerate riparian habitat.  Riparian habitat created by  
37 declining lake levels would most likely  occur in four areas:  Lake Mead delta, Virgin 
38 River delta, Muddy River delta, and the portion of the Grand Canyon influenced by Lake 
39 Mead. 

40 M.5.4 Impact on Razorback Sucker Spawning 
41 Habitat 
42 The spawning habitat for razorback sucker in Lake Mead may be affected under both the 
43 No Action and covered actions.  The known spawning elevations for the razorback sucker 
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1 that may be important occur between 1120 and 1150 feet msl in Lake Mead.  These 
2 elevations would be protected 50 percent of the time under both the baseline and the 
3 covered actions until 2013.  Lake elevations are below the entire known spawning 
4 location at the 25th percentile by 2005.  A complete discussion of the spawning locations 
5 and effects of lowering water levels on those locations and nursery habitats is found in  
6 the ISC/SIA BO.  New information shows, however, the spawning population of  
7 razorback sucker found in Echo Bay moved to a lower lake elevation in 2002 and 
8 spawned, because the spawning location they had previously used was dry (Welker and 
9 Holden 2004).  This indicates the razorback sucker can successfully  move their spawning 

10 location into progressively lower elevations in the lake as the lake recedes.  Sediment 
11 accumulation over available spawning substrate in Las Vegas Bay  has been raised as an 
12 issue.  A recent study  of the lake bottom in the Las Vegas Bay indicates, however, that 
13 accumulated sediment is probably  not an issue except where sediment comes in from Las 
14 Vegas Wash.  The study revealed that sediment accumulation on the lake bottom outside 
15 of the old river channel was very thin and that alluvial deposits and rock outcrops are still 
16 exposed on large parts of the lake floor (Twichell and Rudin 1999).  

17 M.6 Conclusion 
18 As shown by  the above analysis, there are only minimal differences at the 25th, 50th and 
19 75th percentile levels on Lake Mead elevations for the covered actions and the No Action 
20 Alternative.  The worse case analysis (no transfers option) shows larger differences. 

21 The actual impacts to Lake Mead levels that may occur will likely fall somewhere 
22 between the levels that are shown for all three covered actions and those shown for the no  
23 transfers option.  This is due to uncertainty whether the full amount of the proposed 
24 transfers (1.174 mafy between Imperial Dam  and Parker Dam, and 0.845 mafy between 
25 Parker Dam  and Hoover Dam) would actually occur during the life of the project.  

26 Based on that analysis, terrestrial habitat and razorback sucker spawning habitat 
27 associated with Lake Mead habitats may  be affected as a result of implementing the 
28 covered activities.  Due to the uncertainty of how much of the transfers will actually 
29 occur the extent of the effect to those habitats cannot be determined. 
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1 Appendix N 
2 Detailed Implementation Cost Estimate 
3 Assumptions 

4 This appendix presents detailed assumptions used to estimate the cost for implementing 
5 the LCR MSCP Conservation Plan, and is a backup for Table 7-1 and the cost 
6 explanation provided in Chapter 7 of the LCR MSCP HCP.  The costs are presented in 
7 the same order as they are presented in Chapter 7.  General information on each cost 
8 category is provided in Chapter 7.  No additional assumptions are provided in this 
9 appendix for the existing habitat maintenance and remedial measures cost categories. 

10 N.1 Program Administration 
11 Table N-1 lists the estimated cost per employee per year of different program 
12 administration staff positions. 

13 Table N-1.  Cost per Employee per Year for Administrative Staff 

Number Position Cost per Employee per Year 
1 Program Manager $159,589 
2 Group Managers $135,050 
1 Senior Scientist $135,050 
1 IT—Database Management $113,566 
1 Coop/Grant Agreements $94,756 
1 Budget Analyst $94,756 
1 Admin—Secretary $57,613 
1 Admin—Secretary $51,681 
1 Clerk $41,151 

14 

15 The costs include the yearly salary for each employee plus an additional 27 percent for 
16 the following benefits:  health insurance, life insurance, retirement, and social security. 
17 An additional 21 percent is added to the yearly salary and benefits for the following 
18 regional overhead costs:  support activities, human resources, local area network system, 
19 and finance.  Finally, an additional 20 percent is added to the yearly salary and benefits 
20 for the following LCR MSCP overhead costs:  rent, utilities, equipment, supplies, 
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1 training, vehicles, and avian field equipment.  Travel costs are assumed to be $20,000 per 
2 year. 

3 N.2 Land Acquisition 
4 It is assumed that private land will be purchased in years 6–15.  Approximately  
5 $19,000,000 will be spent on purchasing private land.  It is assumed that new tribal leases 
6 will be set up in years 6–20, and that approximately $41,100,000 will be spent on leasing 
7 tribal land through year 50.  Habitat creation will be implemented on public and tribal 
8 lands with no associated land acquisition costs in years 1–5.  It is assumed, however, that 
9 approximately $1,000,000 will be required during years 1–5 for planning of future  

10 acquisitions. 

11 N.3 Planning, Design, and Engineering 
12 Table N-2 lists the estimated cost per employee per year of different planning, design, 
13 and engineering staff positions, including the benefit and overhead costs described in 
14 Section N.1.  One-third of these staff positions would be funded for planning, 
15 engineering, and design.  The remaining two-thirds would be funded for the habitat 
16 creation cost category (Section N.4). 

17 Table N-2.  Cost per Employee per Year for Planning, Design, and Engineering Staff 

Number Position  Cost per Employee per Year 
3 Project Manager  $113,566  
1 Project Manager  $94,756 
2 Project Manager  $78,313 
1 Technical  Support  $57,613 
1 Technical  Support  $51,681 
1 Technical  Support  $46,192 

18  

19 Travel costs are assumed to be $25,000 per year.  Travel costs are also divided between 
20 the planning, engineering, and design and habitat creation cost categories. 

21 Technical costs for planning, engineering, and design are assumed to fall within one of 
22 three categories.  Of the 30 total conservation areas that are assumed to be developed, 
23 five are assumed to be on agricultural land and would require no additional design, 10 are 
24 assumed to be on agricultural land and would require additional design, and 15 are 
25 assumed to be on undeveloped land and would require additional design.  Technical costs 
26 for planning, engineering, and design are assumed to be $100,000 per conservation area 
27 for the five conservation areas that are on agricultural land and would require no 
28 additional design.  Costs include soil and depth-to-groundwater analyses.  Technical costs 
29 for planning, engineering, and design are assumed to be $180,000 per conservation area 
30 for the 10 conservation areas that are on agricultural land and would require additional 
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1 design.  Costs include soil and depth-to-groundwater analyses ($100,000) and design 
2 contracting costs ($80,000).  Technical costs for planning, engineering, and design are 
3 assumed to be $240,000 per conservation area for the 15 conservation areas that are on 
4 undeveloped land and would require additional design.  Costs include soil and depth-to-
5 groundwater analyses ($100,000), topography and surveying ($40,000), and design 
6 contracting costs ($100,000). 

7 N.4 Habitat Creation 
8 It is assumed that over the 20-year period that creation is assumed to occur, total costs for 
9 creation of each land cover type will be approximately $72,500,000 for cottonwood-

10 willow on undeveloped land, $17,500,000 for cottonwood-willow on agricultural land, 
11 $6,100,000 for honey mesquite on undeveloped land, $3,600,000 for honey mesquite on 
12 agricultural land, $11,500,000 for marsh, and $21,600,000 for backwaters.  It is assumed 
13 that habitat created during years 1–5 will be established on active agricultural lands.  

14 N.5 Environmental Compliance 
15 For purposes of cost estimation, habitat creation projects are divided into three size  
16 categories: 

17  Small project (100 acres or less); 50 percent of conservation areas are assumed to be 
18 small; 

19  Medium project (100–500 acres); 40 percent of conservation areas are assumed to be 
20 medium; and 

21  Large project (500–1,000 acres); 10 percent of conservation areas are assumed to be 
22 large. 

23 National Environmental Policy Act (NEPA) compliance costs are assumed to be: 

24  Small project:  $15,000; 

25  Medium project:  $30,000; and 

26  Large project:  $55,000. 

27 Clean Water Act, sections 401 and 404, costs are assumed to be: 

28  Nationwide Permit 27, “Stream  and Wetland Restoration Activities,” compliance:   
29 $10,000 for each conservation area in addition to the below costs; 

30  Small project:  $25,000; 

31  Medium project:  $40,000; and 

32  Large project:  $65,000. 
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1 National Historic Preservation Act (NHPA) section 106 compliance costs are assumed to 
2 be: 

3  Small project:  $13,000; 

4  Medium project:  $35,000; and 

5  Large project:  $55,000. 

6 These costs reflect cultural inventory only.  If significant cultural resources are found, the 
7 cost for compliance with section 106 of the NHPA would increase considerably. 

8 Other regulatory compliance is assumed to cost $6,000 per conservation area.   

9 N.6 Fish Augmentation 
10 Of the 660,000 total razorback sucker that would be reared over the 50 years of the LCR 
11 MSCP, it is assumed that 12,000 per year would be reared in years 1–5 and 11–50, and 
12 that 24,000 per year would be reared in years 6–10.  Of the 620,000 total bonytail, it is 
13 assumed that 11,000 fish per year would be reared in years 1–5 and 31–50, 21,000 fish 
14 per year would be reared in years 6–10, and 12,000 fish per year would be reared in 
15 years 11–30.  The average cost for rearing both razorback sucker and bonytail, which 
16 includes the costs for hatching, rearing, tagging, and releasing each fish, is assumed to be 
17 $800,000 per year in years 1–5 and 11–15, $1,200,000 per year in years 6–10, and 
18 $600,000  per year in years 16–50. 

19 N.7 Conservation Area Management and 
20 Maintenance 
21 Table N-3 lists the positions that would be funded for conservation area management and 
22 maintenance.  

23 Table N-3.  Cost per Employee per Year of Conservation Management and Maintenance 
24 Staff 

Number Position  Cost per Employee per Year 
up to  2 Site  manager $108,970  
up to  1 Foreman $90,060 
up to  1 Foreman $73,624 
up to  2 Laborer $59,433 
up  to 2 Laborer, half  time  $29,717 

25  

26 It is assumed that one site manager would be funded in  years 1–10, and two site 
27 managers would be funded in years 11–50.  It is assumed that one foreman at the higher 
28 pay rate would be funded in  years 1–5; one foreman at the higher pay rate and one full-
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1 time laborer would be funded in years 6–10;  one foreman at the higher pay rate, one 
2 foreman at the lower pay rate, and two full-time laborers would be funded in  years 11– 
3 15; and one foreman at the higher pay rate, one foreman at the lower pay rate, two full-
4 time laborers, and two half-time laborers would be funded in years 16–50.  Travel costs 
5 are assumed to be $20,000 per year for all staff. 

6 It is assumed that the cost of building a field facility is $250,000.  Utility costs for field 
7 facilities are assumed to be $4,850 per facility per year. 

8 The yearly lease and fuel cost for each vehicle is assumed to be $9,130.  It is assumed 
9 that $50,000 worth of other equipment would be purchased for every 5,000 acres of 

10 conservation area.  It is assumed that the cost to maintain this other equipment, fences, 
11 and roads would average $5 per acre per year. 

12 Water pumping costs are based on the consumptive use of each land cover type and the 
13 area of each land cover type that would be created in each 5-year period of the LCR 
14 MSCP.  For half of the water needs for created land cover types, it is assumed that water 
15 would be pumped (the other half of the needed water would come from the river or canals 
16 via gravity).  It is assumed that the water would be pumped from  wells, that half of the 
17 water would be pumped with electricity  and half would be pumped with diesel, and that 
18 the total cost for pumping would be $2.85 per acre-foot for electric pumping and 
19 $16.79 per acre-foot for diesel pumping. 

20 Maintenance activities include backwater dredging, cowbird control, and nesting box 
21 maintenance.  It is assumed that backwater dredging would take place every 25 years, 
22 starting 25 years after the 5-year period in which backwater creation took place (this 
23 assumption does not account for the dredging required after major flood events, a cost 
24 included under the remedial measures cost category).  It is assumed that 3,000 cubic 
25 yards would be dredged from each backwater acre, and that dredging costs are $7 per 
26 cubic yard.  It is assumed that cowbird control and nesting box maintenance are covered 
27 under the costs for maintenance staff and maintenance equipment. 

28 It is assumed that the major habitat maintenance that would be conducted by staff from  
29 the Yuma area office would cost an average of $130,000 per year for years 1–50.  

30 N.8 Law Enforcement Staff 
31 Table N-4 lists additional law enforcement positions that would be funded. 

32 Table N-4.  Cost per Employee per Year of Law Enforcement and Firefighting Staff 

Number Position  Cost per Employee per Year 
1 Law enforcement officer $90,060 
up to  1 Law enforcement officer $73,624 
1 Firefighter $90,060 
up to  2 Firefighter $73,624 

33  
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1 It is assumed that one law enforcement officer at the higher pay rate would be funded in 
2 years 1–15 and one law enforcement officer at the higher pay rate and one law 
3 enforcement officer at the lower pay rate would be funded in years 16–50.  Vehicle travel 
4 costs for law enforcement officers are assumed to be $0.36 per mile for 30,000 miles per 
5 year per person, for a total of $10,800 per person per year. 

6 N.9 Wildland Firefighting Staff 
7 Table N-4 lists additional firefighting positions that would be funded.  One firefighter at 
8 the higher pay rate would be funded in  years 1–50; one firefighter at the lower pay rate 
9 would be funded in years 11–15 and two firefighters at the lower pay rate would be funded 

10 in years 16–50.  Vehicle travel costs for wildland firefighters are assumed to be $0.36 per 
11 mile for 30,000 miles per year per person, for a total of $10,800 per person per year. 

12 N.10 Topock Marsh Pumping 
13 In years 1–5, $300,000 would be spent for pump purchase.  It is assumed that the utility  
14 costs for pumping are $400 a day and that pumping would occur for 120 days every year. 

15 N.11 Monitoring, Research, and Adaptive 
16 Management 
17 System  monitoring costs for fish are assumed to decrease from an average of 
18 $600,000 per year in years 1–5 to an average of $310,000 per year in years 6–15,  
19 decrease to an average of $210,000 per year in years 16–30, and then decrease to an 
20 average of $100,000 per year in years 31–50.  System  monitoring costs for wildlife are 
21 assumed to increase from an average of $860,000 per year in years 1–5 to an average of 
22 $920,000 per year in years 6–15, decrease to an average of $210,000 per year in years 
23 16–30, and then decrease to an average of $150,000 per year in years 31–50.  Costs for 
24 system  monitoring would include the development of a monitoring database.  It is 
25 assumed that an average of $100,000 per  year in years 1–10 would fund database 
26 development. 

27 It is assumed that funding for fish species research would increase from  an average of 
28 $240,000 per year in years 1–5 to an average of $380,000 per year in years 6–15, then 
29 decrease from  an average of $60,000 per year in years 16–30 to an average of 
30 $30,000 per year in years 31–50.  Funding for primary wildlife species is assumed to 
31 increase from an average of $820,000 per year in years 1–5 to an average of $890,000 per 
32 year in years 6–15, then decrease from an average of $210,000 per year in years 16–30 to 
33 an average of $120,000 per  year in years 31–50.  Funding for other wildlife and 
34 evaluation species is assumed to decrease from an average of $240,000 per year in years 
35 1–5 to an average of $220,000 per year in years 6–15, then decrease from an average of 
36 $20,000 per year in years 16–30 to $5,000 per year in years 31–50. 
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1 Funding for research on cottonwood-willow and honey mesquite development and 
2 management would decrease from an average of $790,000 per year in years 1–15 to an 
3 average of $370,000 per year in years 16–30, and then decrease to an average of about 
4 $150,000 per year in years 31–50.  Funding for marsh and backwater development and 
5 management research would increase from  an average of $470,000 per year in years 1–5 
6 to an average of $700,000 per year in years 6–15, then decrease from an average of about 
7 $350,000 per year in years 16–30 to an average of $110,000 per year in years 31–50.  In  
8 years 1–15, an average of about $170,000 per year would fund research on fish rearing 
9 techniques and an average $170,000 per year would be used to conduct site evaluations to 

10 collect the information necessary to select conservation areas based on the conservation 
11 area site selection criteria. 

12 It is assumed that funding for postdevelopment monitoring of fish habitat would increase 
13 from  an average of $160,000 per year in years 1–5 to an average of $320,000 per year in 
14 years 6–30, then decrease to an average of $260,000 per year in years 31–50.  Funding of 
15 postdevelopment monitoring for wildlife and wildlife habitat is assumed to increase from  
16 an average of $100,000 per  year in years 1–5 to an average of $630,000 per year in 
17 years 6–15, and then increase to an average of about 735,000 per year in years 16–50.  
18 Management of the monitoring database is also included under postdevelopment 
19 monitoring.  Database management is assumed to cost an average of $80,000 per year in 
20 years 1–5 and increase to an average of about $240,000 per year in years 6–50. 

21 N.12 Water Acquisition 
22 For the purpose of this cost estimate, it is assumed that water rights are bought along with 
23 private land that is acquired.  Costs associated with the purchase of water rights together 
24 with property are included in the “Land Acquisition” cost estimate.  It is assumed that 
25 half of the lands in public ownership have associated water rights, and that water rights 
26 would need to be purchased for habitat creation on the remaining half of public lands.  It 
27 is assumed that water rights would be leased together with tribal lands; costs associated 
28 with the lease of water rights together with tribal lands are included in the “Land 
29 Acquisition” cost estimate.  

30 The estimated water use during each 5-year period is based on Reclamation’s experience 
31 with irrigating riparian land cover types.  It is assumed that more water would be needed 
32 during the first years of creation.  When land cover types are more fully established, it is 
33 assumed that less water will be needed (e.g., more established canopies can decrease 
34 evaporation of applied water and established plants are more likely  to be able to access 
35 groundwater). 

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program N-7 
Final Appendices to Volumes I–III and V J&S 00450.00 

 

http:00450.00


 



 

Appendix O 
Major Facilities on the Lower Colorado River 



 



 
 

 

  

  
 
  
   

   
   
  
   

   
   

 
    

 

  
 

 
 

   
   

   
 

 

                                                      
  

 

1 Appendix O 
2 Major Facilities on the Lower Colorado River 

3 The following section presents a brief description of the major facilities on the lower 
4 Colorado River1 (LCR).  A summary of facility ownership and operators is provided in 
5 Table O-1.  The facilities are described in a downstream route along the course of the LCR. 

6 Table O-1.  List of owner/operators for major facilities along the Lower Colorado River 

Facility Owner Operator Powerplant Diversion 

Senator Wash U.S. IID Pumping and generating None 
Laguna U.S. IID None None 
Imperial U.S. IID None Gravity 
Palo Verde U.S. PVID None Gravity 
Headgate Rock U.S U.S. Low head hydro Gravity 
Parker U.S. U.S. Hydro –1 

Davis U.S. U.S. Hydro None 
Hoover U.S. U.S. Hydro –2 

Morelos Mexico Mexico None Gravity 
Pilot Knob Powerplant IID IID Low head hydro Min 700 cfs 

Max 8000 cfs 
Siphon Drop Powerplant U.S. Yuma Co. Water Users Low head hydro Min 350 cfs 

Max 2000 cfs 

Notes:  During normal years all water released through the dams is discharged through the power plants if so 
equipped within the capacity of the power plant. Otherwise it is released through discharge gates or 
valves. No water goes over the dams during normal years. Hoover Dam is equipped with a Pelton 
wheel generator for system power and startup. All other generators and pumps are turbine type. 

cfs = cubic feet per second. 
CRIT = Colorado River Indian tribes. 
IID = Imperial Irrigation District. 
PVID = Palo Verde Irrigation District. 
1 Metropolitan Water District of Southern California operates the Whitsett pumping plant and the Central 

Arizona Project operates the Havasu Pumping Plant from the lake behind Parker Dam. 
2 Southern Nevada operates pumped diversion from Lake Mead. 

7 

1 Adopted from Appendix D, “Description and Assessment of Operations, Maintenance, and Sensitive Species of the 
Lower Colorado River, August 1996.” 
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1 O.1  Glen Canyon Dam 
2 Glen Canyon Dam, which created the reservoir Lake Powell, was completed in 1963 as a 
3 principal part of the Colorado River Storage Project.  It is a concrete arch dam 710 feet 
4 high and 1,560 feet wide.  The maximum generating discharge capacity is 33,200 cubic 
5 feet per second (cfs) which may be augmented by an additional 15,000 cfs through the 
6 river outlet works.  The active capacity of Lake Powell is 20,876,000 acre-feet.  Lake 
7 Powell has no legislated flood control space.  The required system flood control space is 
8 allocated among elected project reservoirs including Lake Powell, to augment the 
9 1.5 million acre-feet (maf) required to be available in Lake Mead. 

10 The filling of Lake Powell occurred from  1963 through 1980, during which time all 
11 releases of water in the LCR system  were in response to downstream demands and other 
12 consumptive uses. 

13 O.2 Hoover Dam 
14 Hoover Dam  was authorized under the Boulder Canyon Project Act.  The dam was 
15 constructed in the Black Canyon of the Colorado River about 36 miles from Las Vegas, 
16 Nevada.  Construction began in 1931 and was completed in 1935. 

17 Hoover Dam  was a pioneering structure for providing multiple-purpose water resource 
18 functions.  The dam controls floods; stores water for irrigation, municipal, and industrial 
19 uses in three states; and generates hydroelectric power. 

20 Prior to construction of the dam, the Colorado River downstream  was characterized by  
21 recurring cycles of flooding in the spring  and drought during the summer and fall, which 
22 caused damage to crops and nearby property.  Flows ranged from an estimated maximum  
23 of 300,000 cfs on July  8, 1884, to a low of 700 cfs recorded on December 28, 1924, with 
24 a recorded average flow of nearly 15,570 cfs prior to the construction of Hoover Dam.  

25 The dam impounds Lake Mead where water can be stored to a maximum conservation 
26 pool of about  27 maf at elevation 1,221.4  feet above msl, and backs water upstream  
27 approximately 115 miles creating a surface area of about 163,000 acres at elevation 
28 1,229 feet.  The dam is 726 feet high and the water depth is approximately 590 feet.  
29 During a “normal” water year, 9 maf of water is released from the dam for U.S. 
30 entitlement holders and 1944 Water Treaty water for Mexico.  See discussion in 
31 Chapter 2 of the LCR MSCP Biological Assessment. 

32 The dam is a major source of power generation in the southwest.  The power plant 
33 generating capacity is approximately 2,080,000 kilowatts (kW) with maximum release at 
34 approximately 49,000 cfs.  The spillways have a maximum release capacity of about 
35 400,000 cfs at 1,232 feet with the drum gates in a closed position.  This provides a total 
36 release capacity of 449,000 cfs.  Flood storage of 1.5  maf is located between elevation 
37 1,219.6 and 1,229 feet. 
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1 O.3 Davis Dam 
2 The Davis Dam  and Powerplant facility was constructed by Reclamation in Pyramid 
3 Canyon, 67  miles downstream from  Hoover Dam.  The site is 10 miles north of the point  
4 where Arizona, Nevada, and California meet, and approximately 2 miles upstream from  
5 Laughlin, Nevada, and Bullhead City, Arizona. 

6 Completed in 1953, Davis Dam is an earth and rock-fill embankment with a concrete 
7 spillway, gravity structure, intake structure, and power plant.  The dam’s primary purpose 
8 is to re-regulate Hoover Dam releases so that they meet downstream demand, including  
9 the annual delivery of 1.5 maf of water to Mexico.  This is in accordance with the 1944 

10 Water Treaty.  

11 Located on the Arizona side of the river,  the Davis Dam Powerplant is immediately 
12 downstream from the dam  embankment.  The power plan generating capacity is 
13 255,000 kW.  The Department of Energy (DOE) markets all of Davis Firm Electric 
14 Service’s energy and capacity.  The forebay  is formed by the intake, spillway, and gravity  
15 structures. 

16 Lake Mohave lies behind Davis Dam  and is bound for most of its length by the steep 
17 walls of Pyramid, Eldorado, and Black Canyons.  The lake is relatively narrow, not more 
18 than 4 miles across at its widest point, but provides significant recreation opportunities 
19 and supports the largest extant population of the endangered razorback sucker.  
20 Additionally,  the lake captures and delays flash flood discharge from the side washes 
21 below Hoover Dam.  

22 O.4 Parker Dam 
23 Parker Dam  spans the Colorado River between Arizona and California 17 miles northeast 
24 of the town of Parker, Arizona.  Constructed between 1934 and 1938 by Reclamation, 
25 Parker Dam’s primary purpose is to provide reservoir storage from which water can be 
26 pumped into the Colorado River aqueduct and the Central Arizona Project (CAP) 
27 aqueduct.  Lake Havasu, the reservoir behind Parker Dam, is about 45 miles long and 
28 covers 20,390 acres.  It can store 648,000 acre-feet of water.  The CAP began pumping 
29 water from Lake Havasu in 1985.  It has a capacity for delivering water to users in central 
30 and southern Arizona. 

31 Parker Dam is one of the deepest dams in the world.  Seventy-three percent of its height 
32 is below the original riverbed; about 85 feet of the 320 feet of structural height of the dam  
33 is visible.  The dam’s superstructure rises another 62 feet above the roadway across the 
34 top of the dam.  Parker Powerplant is located on the California side of the Colorado River 
35 immediately  below the dam.  It houses four hydroelectric generating units.  The installed 
36 generating capacity is 120,000 kW, but due to the high tailrace elevation the generating 
37 production is approximately 108,000 kW.  Four  22-foot diameter penstocks carry  up to  
38 5,500 cfs each, to feed the generating units.  Fifty percent of the plants power output is 
39 reserved for The Metropolitan Water District of Southern California (Metropolitan) to 
40 pump water along the Colorado River aqueduct to the Pacific Coast.  The remaining Firm  
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1 Electric Service power is marketed by Western Area Power Administration (Western), a 
2 DOE agency.  Under an agreement between Reclamation and Metropolitan, the latter 
3 agency financed almost the entire cost of constructing Parker Dam.   Metropolitan’s 
4 Whitsett Pumping Plant, 2 miles upstream from the dam on Lake Havasu, lifts water from  
5 the reservoir into the Colorado River Aqueduct, which can deliver up to one billion 
6 gallons per day of Colorado River water to the metropolitan areas in southern California. 

7 O.5 Headgate Rock Dam 
8 Headgate Rock Dam is located on the LCR about 1 mile northeast of the town of Parker, 
9 Arizona, and 14 miles below Parker Dam.  It was constructed in 1941 as a diversion 

10 structure to provide irrigation water to the Colorado River Indian Tribes.  A 3-unit, low-
11 head run-of-the-river powerplant was added to the structure in 1992. 

12 The water retained by the dam, Lake Moovalya, extends approximately 10 miles 
13 upstream and contributes a stable water surface to the recreational area known as the 
14 “Parker Strip.”  The dam raises the river water level approximately  15 feet, but develops 
15 no useable storage.  The water releases below Headgate Rock Dam  mirror the releases 
16 from Parker Dam.  

17 The existing spillway capacity through all 7 gates is 140,000 cfs.  The maximum  
18 powerplant discharge is 20,000 cfs.  The maximum generating capacity  of the powerplant 
19 is 19.5 megawatts (MW). 

20 O.6 Palo Verde Diversion Dam 
21 The Palo Verde Diversion Dam  consists of a concrete, gated structure with an adjacent 
22 embankment.  Reclamation began construction in 1956 and the dam  was completed in 
23 1957, as a permanent replacement for the old Palo Verde rock weir.  The dam raises the 
24 water levels approximately  12 feet, which is sufficient for the gravity flow needed to 
25 provide the water supply to the Palo Verde Valley, including the city of Blythe.  The dam  
26 has no useable storage even though the backwater from the dam reflects approximately  
27 15 miles upstream.  The dam is operated and maintained by the Palo Verde Irrigation 
28 District (PVID). 

29 O.7 Imperial Dam 
30 Imperial Dam is located approximately 18 miles northeast of Yuma, Arizona.  
31 Construction of Imperial Dam and Desilting works by  Reclamation began in January  
32 1936 and was completed in July 1938.  The dam  was constructed to provide for the 
33 diversion of Colorado River water to the Imperial and Coachella Valleys, the Reservation 
34 Division of the Yuma Project, and Yuma Valley through the All-American Canal on the 
35 west side of the dam;  and to the Gila Project and the Yuma Auxiliary Project through the 
36 Gila Gravity  Main Canal on the east side of the dam.  
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1 Imperial Dam raised the water surface above the original river 23 feet to elevation 
2 181 feet.  It was designed to provide a maximum diversion of 15,155 cfs for the All-
3 American Canal, 2,200 cfs for the Gila Gravity Main Canal, and was designed to pass a 
4 maximum flood of 180,000 cfs. 

5 Imperial Dam created a reservoir that originally had a capacity of 85,000 acre-feet, but, 
6 the reservoir quickly filled with sediment, as was anticipated.  Intermittent dredging and 
7 sluicing operations are required to maintain a small reservoir pool with a capacity of 
8 about 1,000 acre-feet to ensure diversions can be made to the All-American Canal and 
9 Gila Gravity  Main Canal.  Desilting works were provided for both the All-American 

10 Canal and Gila Gravity Main Canal.  Sediment accumulations are sluiced downstream to 
11 the Laguna Desilting Basin where the sediment is removed by dredging and disposed of 
12 adjacent to the desilting basin. 

13 O.8  Senator Wash Pumping/Generating Plant and 
14 Regulating Reservoir 
15 Senator Wash is an off-stream storage facility located approximately 2 miles upstream  
16 from Imperial Dam.  It was constructed to supplement limited storage behind Imperial 
17 Dam  and Laguna Dam.  When sufficient storage is not available at Imperial and Laguna 
18 Dams, Senator Wash is used to regulate excess flows arriving at Imperial Dam to prevent 
19 over deliveries to Mexico.  This storage also ensures delivery demands can be met when 
20 flows arriving at Imperial Dam  are less  than water user demand. 

21 Construction of Senator Wash began in 1964, with operation beginning January  30, 1966.  
22 The reservoir has a capacity of 13,836 acre-feet at elevation 251 feet.  Senator Wash 
23 water surface elevation varies between 210 feet and 240 feet.  Current reservoir 
24 restrictions prevent raising the reservoir to elevation 251 feet due to concerns with 
25 seepage and high hydraulic pressure under the toe of Senator Wash Dam and along West 
26 Squaw Lake Dike.  The reservoir elevation fluctuates according to water user demand 
27 and flows arriving at Imperial Dam.  

28 O.9 All-American Canal, Pilot Knob and Siphon 
29 Drop Powerplants  
30 Construction of the All-American Canal started in 1934 and was completed in 1940.  It 
31 replaced the Alamo Canal, which was originally constructed in 1900 to provide a source 
32 of irrigation water to the Imperial Valley.  Diversion of water from the Colorado River 
33 into the Alamo Canal was made from a headworks facility located near Pilot Knob.  
34 Several problems were associated in making this diversion, including the removal of 
35 trash and constant dredging to control sediment.  In addition, much of this canal was 
36 located in Mexico, and the Mexican government controlled flows in the canal being 
37 delivered to the United States. 
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1 In 1905, a major flood on the Colorado River washed out the Alamo Canal headworks, 
2 and the Colorado River partially changed course.  The river flowed into the Salton Sea 
3 for nearly two years, inundating approximately 330,000 acres of land in the Imperial 
4 Valley.  On February  10, 1907, the Southern Pacific Railroad Company was able to force 
5 the Colorado River back into its natural channel. 

6 The All-American Canal is approximately 80 miles long and provides irrigation water to 
7 over 500,000  acres of land in the Imperial Valley, over 78,000 acres in the Coachella 
8 Valley, approximately 15,000 acres in the Reservation Division of the Yuma Project, and 
9 over 40,000 acres in the Valley Division  of the Yuma  Project. 

10 A wasteway was constructed by Imperial Irrigation District (IID) on the All-American 
11 Canal at Pilot Knob in 1938, and a power generation facility was added at Pilot Knob off 
12 the All-American Canal in 1961.  Both facilities are located upstream of Morelos 
13 Diversion Dam.  The wasteway was constructed to protect the All-American Canal and 
14 provide a place to discharge excess water back to the Colorado River, in particular those 
15 deriving from side wash inflows or water user cutbacks in Imperial Valley.  Pilot  Knob 
16 Powerplant was constructed to allow generation of power from water deliveries made in 
17 satisfaction of the 1944 Water Treaty.   Pilot Knob has 55 feet of hydraulic head and can 
18 produce up to 33,000 kW of electricity, which is about twice the hydraulic head that was 
19 available at Siphon Drop Powerplant.  This made it economically feasible to construct 
20 Pilot Knob Powerplant under a transferred water agreement with the Yuma County Water 
21 Users’ Association. 

22 Currently, if Mexico’s order at the Northern International Boundary (NIB), less drainage 
23 return flows and sediment control flows below Imperial Dam, is greater than or equal to 
24 700 cfs, the water for delivery to Mexico at the NIB is routed through the Pilot Knob 
25 Powerplant to generate power.  Otherwise this water would have been delivered either 
26 below Laguna Dam or through the Siphon Drop Powerplant and California wasteway  
27 near Yuma, Arizona.  Prior to 1995, water was not transferred to Pilot Knob Powerplant 
28 until a flow of 1,000 cfs was available for transfer.   

29 Siphon Drop Power Plant was originally constructed in 1926 on the old Yuma  Main 
30 Canal.  It was developed to generate power from water deliveries made to the Yuma  
31 Project through the Yuma  Main Canal until 1941, and from water delivered to the Yuma  
32 Project and Mexico from  1941 through 1972 by way of the All-American Canal.  The 
33 original powerplant was shut down in 1972, and a new powerplant was constructed and 
34 placed in operation in 1987.  It currently operates to develop power from Yuma Project 
35 deliveries and deliveries made to Mexico.  If Mexico’s water order at the NIB, less 
36 drainage return flows and sediment control flows below Imperial Dam, is less than 
37 700 cfs, the water is normally routed through the Siphon Drop Powerplant to generate 
38 power.  Siphon Drop Powerplant requires a minimum flow of 350 cfs to operate and, to 
39 the extent possible, this flow is maintained through delivery requirements to Mexico and 
40 water ordered for the Valley Division of  the Yuma Project. 

41 The Yuma Main Canal wasteway, commonly referred to as the California Wasteway, was 
42 constructed in 1912.  At the same time, the Colorado River Siphon  was constructed under 
43 the Colorado River at Yuma, Arizona, to deliver water to the Yuma  Valley Division in 
44 Arizona.  The wasteway was constructed to protect the Yuma Main Canal if excess flows 
45 are diverted into the canal or sudden cutbacks in water use in the Yuma Valley occur.  
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1 The wasteway allows those excess flows to be diverted back into the Colorado River.  
2 Later, after the All-American Canal was constructed a portion of the water delivery to 
3 Mexico was routed down the All-American Canal through Siphon Drop Powerplant and 
4 the Yuma Main Canal wasteway. 

5 O.10 The Gila Gravity Main Canal 
6 Construction of the Gila Gravity Main Canal occurred between 1936 to1943.   
7 Construction dialogs occurred during World War II.  The canal is 20.5 miles in length 
8 with two tunnels and has a capacity of 2,200 cfs.  It serves approximately 100,000 acres 
9 of farmland located in the Wellton-Mohawk Irrigation and Drainage District, the North 

10 Gila and South Gila Valleys, the Yuma Mesa Irrigation and Drainage District, and the 
11 Unit “B” Auxiliary Project. 

12 The headworks for the Gila Gravity Main Canal is located at Imperial Dam.  Since the 
13 Gila Project was originally authorized to  irrigate 585,000 acres, three diversion outlets 
14 were originally provided at Imperial Dam.  The acreage to be served by the project was 
15 reduced in 1947 to 115,000 acres, so only one outlet and one desilting basin were put into 
16 operation.  The water delivery from the Gila Gravity  Main Canal to the North Gila Canal 
17 started in 1943.  Water was first diverted from the Gila Gravity Main Canal to the 
18 Wellton-Mohawk Division in 1952, and the last of the Wellton-Mohawk Project was 
19 completed in 1957.  Water diversions to Yuma Mesa started in 1952 and water diversions 
20 to the South Gila Valley began around 1965. 

21 O.11 Laguna Dam 
22 Construction of Laguna Dam began in July 1905, and the diversion structure was 
23 completed in 1909.  Laguna Dam  was originally constructed to serve as a diversion 
24 structure and desilting works for the Yuma Main Canal on the California side of the 
25 Colorado River and for the North Gila Canal on the Arizona side of the Colorado River.  
26 The dam raised the water level above the original streambed approximately 13 feet 
27 (138 to 151 feet).  Laguna Dam passed flows in excess of 180,000 cfs prior to the 
28 construction of Hoover Dam.  

29 The Yuma Main Canal served the Yuma Project, which consisted of the Reservation 
30 Division in California and the Valley Division in Arizona.  The Yuma Project was the 
31 first Reclamation Project on the LCR.  The dam originally  diverted water to 
32 approximately 14,700 acres of land in the Reservation Division, over 53,000 acres in the 
33 Valley Division and approximately 3,500 acres in the North Gila Valley.  In 1941, a 
34 turnout was constructed on the All-American Canal at Siphon Drop to supply part of the 
35 water for the Yuma Project.  In June 1948, the diversion works for the Yuma Main Canal 
36 were sealed at Laguna Dam  and all of the water for the Yuma Project was delivered 
37 through the All-American Canal. 

38 Delivery of water to the North Gila Irrigation District through the Gila Gravity Main 
39 Canal was authorized in May of 1953.  Diversions into the Gila Gravity Main Canal are 
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1 made at Imperial Dam.  This ended the need to divert water to North Gila from Laguna 
2 Dam, and the Arizona heading for the North Gila Canal was sealed. 

3 Today Laguna Dam  serves as a regulating structure for sluicing flows that control 
4 sediment below Imperial Dam, and to help store excess flows that arrive at Imperial Dam  
5 to prevent over-deliveries to Mexico.  Water stored behind Laguna Dam  can be used as 
6 part of Mexico’s water order when less than expected water is available at Imperial Dam  
7 to meet water demand by  U.S. water users.  Laguna Dam  also protects the downstream  
8 toe of Imperial Dam.  

9 Total storage behind Laguna Dam is currently estimated to be 400 acre-feet.  Prior to the 
10 1983, Colorado River flood the capacity was approximately 1,500 acre-feet.  Dredging 
11 was carried out behind Laguna Dam from the 1950s to the early  1970s, in order to  
12 maintain its relatively small storage capacity.  Sediment removed from above Laguna 
13 Dam  was placed directly downstream of the rock-fill weir in the floodplain. 

14 O.12 Morelos Diversion Dam 
15 Morelos Diversion Dam is located approximately 9 miles southwest of Yuma, Arizona.  
16 Morelos Diversion Dam was constructed by  Mexico  beginning in late 1948 and became 
17 officially  operational on November 8, 1950.  Its construction was authorized under 
18 Article 12 of the 1944 Water Treaty to provide a diversion for the delivery  of Colorado 
19 River water to the Mexicali Valley.  

20 Minute No. 242 (Minutes are defined as amendments to the 1944 Water Treaty) provided 
21 requirements for deliveries at the NIB and the Southerly International Boundary (SIB) 
22 near Yuma  and San Luis, Arizona, respectively.  Up to 140,000 acre-feet annually of 
23 agricultural drainage water can be delivered to Mexico at the SIB.  The remaining 
24 1.36 maf of water is to be delivered to Mexico at the NIB annually and diverted at 
25 Morelos Diversion Dam to the Mexicali Valley.  After the United States Bypass Drain 
26 was completed in 1978, the Colorado River channel downstream of Morelos Diversion 
27 Dam  was normally dry  unless flows in excess of Mexico’s requirements arrived at the 
28 NIB.  Such flows occurred from 1979 to 1980, from 1983 to 1988, in 1993, and from  
29 1997 to 1999.  

30 Water in excess of Mexico’s water order at the NIB is normally passed through Morelos 
31 Diversion Dam, through the Limitrophe Division, and into the original Colorado River 
32 Channel downstream.  Water in excess of Mexico’s water order occurs when surplus or 
33 flood releases are made from  either the Colorado River system or the Gila River system.  
34 Excess water arriving at Mexico may also result from  side wash inflows that occur above 
35 or below Imperial Dam; from a sudden drop in water user demand; or when insufficient 
36 storage is available in Senator Wash, Imperial, or Laguna reservoirs to contain flows 
37 arriving from Imperial Dam.  

38 Flows arriving at Morelos Diversion Dam normally range from about 750 to over 3,000 
39 cfs during the  year.  During 1983, flows in excess of 40,000 cfs arrived at the NIB due to 
40 flood control releases on the Colorado River, and in 1993 flows in excess of 25,000 cfs 
41 arrived at the NIB due to flooding on the Gila River. 
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1 Mexico is responsible for the operation and maintenance of Morelos Diversion Dam  and 
2 associated expenses.  Mexico is also responsible for removal/clearing of 
3 sediment/vegetation immediately  upstream and downstream of the dam pursuant to 
4 Minute No. 197 of the 1944 Water Treaty.  Minute No. 197 provides for international 
5 hydrographic, operational and maintenance activities administered by the International 
6 Boundary and Water Commission (IBWC).  The international boundary is marked on the 
7 structure under the terms of the 1944 Water Treaty.   Gauging stations are provided and 
8 operated by the United States section of the IBWC on the Colorado River, at the NIB, 4 
9 miles downstream of the NIB, and at the SIB.  The United States provides monthly  

10 groundwater elevations for lands in the United States above and below Morelos 
11 Diversion Dam.  Sediment sampling at NIB is performed by the United States each 
12 month of the year.  Mexico is also required to provide river gauges immediately upstream  
13 and downstream of Morelos Diversion Dam, stage recorders in the canal immediately  
14 downstream  of Morelos Diversion Dam, and sediment sampling stations in the canal 
15 system.  Both countries are required to take annual river cross-sections at various  
16 locations. 
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Appendix P 
Field Working Agreement between  

Department of the Interior,  
Bureau of Reclamation, and  

Department of the Army, Corps of Engineers  
for Flood Control Operation of  

Hoover Dam and Lake Mead 
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OfBCIAL FilE COPY 
DEPARTMENT OF THE ARMY 

SOUTH PACIFIC DIVISION, CORPS OF ENGINEERS 

A 
630 Sansome Street, Room 1216 
San Francisco, California 94111 

ATTENTION OF: March-l5, 1984 

MAR 21 1984 

J\c.lion T.1�:-. 

Engineering Division 

Mr. N. w. Plummer 
Regional Director 
U.S. Department of Interior 
Bureau of Reclamation 
Lower Colorado Regional Office 
P. 0. Box 427 
Boulder City, Nevada 89005 

Dear Mr. Plummer: 

A copy of the signed Field Working Agreement for 
Hoover Dam and Lake Mead is enclosed for your use. I am 
currently finalizing processing of the agreement as specified in 
paragraph 208.11 {d) (11) of 33 CFR 208.11. 

If you have any questions on this action, please 
contact Mr. Frank Krhoun_of my staff at FTS 556-6210. 

Sincerely, 

E. Wanket 
Chief, Engineering Division 

Enclosure_ 



FIELD �ORKING AGREEMEN�

BETWEEN 

DEPARTMENT OF THE INTERIOR, BUREAU OF RECLAMATION 

AND 

DEPARTMENT OF THE ARMY, CORPS OF ENGINEERS 

FOR 

FLOOD CONTROL OPERATION 

OF 

HOOVER DAM AND LAKE MEAD, COLORADO RIVER, NEVADA - ARIZONA 

This field working agreement, made and entered into this 8th day 

of __ F_e_b_r_u_a_ry.________ 1984, between the Lower Colorado-Region, _ 

Bureau of Reclamation and the South Pacific Division, Corps of Engineers, 

WITNESSETH THAT: 

-=- . .
.,. 

 
WHEREAS, Hoover Dam and Lake �ead, Colorado River, Clark County, 

Nevada and Mohave C_ounty, Arizona, was authorized as part of the Boulder 

Canyon Project Act (Public_ Law 70-642). The Boulder Canyon Project Act 

states that Boulqer Dam (Public Law 43 changed the name of the structure .

from Boulder Dam to Hoover Dam) and the reservoir that it creates shall be 

used: first, for river regulation, improvement of navigation, and- flood 

control; second, for irrigation and domestic uses; and third, for power. 

WHEREAS, the Department of the Interior, acting through t�e Bureau of 

Reclamation, represented by the appropriate Regional Director, hereinafter 

referred to as the Regional Director, has constructed Hoover Dam and 

F-1 



-Rese
.. 

rvc,ir, 
. . .  

·and is responsible for the safety of the structure and  
• 

for
C 

nor-::1al ope�ations of the Lower Colorado River, of which said dam 2nd 

reser voir are a pa.rt. 

WHERD.S, �he Depart:nent of the Army, acti·!'1g throu:;� t:1e Corps of 

Engineers, represented by its appropriate District and Division En�inee�s, 

is responsible for the flood control operat.ion of Hoover Dam and Lake Mead 

in accordance with Section 7 of the 194lt Flood Control Act (Section 7, 

Public Law 7�-534, 58 Stat. 890, 33 U.S.C. 709), which directs the Army to 

prescribe regulations for the use of storage allocated for riood control 

or navigation at all reservoirs constructed wholly or in p�rt with Federal 

funds, and as promulgated in the Code of Federal Regulations, Title 33, 

Part 208.11, 13 October 1978. 

WHEREAS, there is a need for a working agreement to insure a clear 

understanding of nood control regul,ations and information exchange 

required for the operation of Hoover Da an� Lake Mead. 

NOW, TIEREFORE, it is mutually understood and agreed by and between 

the parties hereto that this field working agreement shall consummate the 

· provisions of the 1944 Flood Control Act for Hoover Dam and Lake Mead. In 

addition to the responsibiiities of the project owner and the Corps of 

Engineers spelled out in paragraph 208. 11, 33 CFR, it is agreed that 

Hoover Dam and Lake Mead will be operated in the interest of flood control 

in accordance with the following water control plan. 

2 



. (;i) In order to provide storage space for control of floods;· 
. . 

releases from Lake Mead shall be scheduled so that available storage space 

for flood control will not be less than that indicated in the following 

table for the dates shown. Flood control sto�age space shall be the 

available storage space below elevation 1,229 feet. 

Available nood control 
Date storage space 

{acre-feet) 

.1 August............................ 1,500,000 

1 September ••••••••••••••••••••••••• 2,270,000 

1 October............................ 3,040, ooo· 

1 November •••••••••••••••••••••••••• 3,810,000 

1 December •••••• · ••••• •••• - � ••• ; • • • • • • 4, 58 0, 000 

.1 January ••••••••••••••••••••••••••• 5,350,000 

Pertinent information on permi�ibl� changes in available flood 

control storage space in Lake Mead is -··given in subparagraphs (1), (2), and· 

.. ( 3) of this paragraph. 

(1) The ava ilable flood control storage space i.n Lake Mead during 
. 
. 

the Reriod 1 August to 1 January may be reduced to a min imum of 1,500,000 

acre-.feet, provided the add itional space prescribed under paragraph (a) 

above is available in active._ storage spa!!e in upstream res·ervoirs. The 

maximum storage space in upstream reservo irs that can be cred ited to the 

1 September, 1 October, 1 November, 1 December, or 1 J anuary storage space 

requirement in Lake Mead is _given in the following table: 

3 



: R�se!"voir C�edit�ble stora�e soace 
(A cr.e:- f eet) 

Lake Powell ••••••••••••••• -.......... 3,850,000 

Navajo ..••.........••.•. �-........... 1,035,900 

Blue �esa........................... 74e,5JO 

Flaming Gorge plus Fontenelle....... 1,507,200 

(2) Space building releases from Lake Head during the period 

1 August to 1 January shall not exceed 28,000 cubic feet per second. 

Space building releases are herein defined as releases for the .. purpose of 

attaining the available flood control storage space given in paragraph (a) 

above. 

(3) If, however, available flood control storage space diminishes at 

any time to less than 1,500,000 acre-feet then the minimum flood control 

releases are described in paragraph (b) below. 

(b) At any time during the yearrif' available storage space in Lake 

Mead should become less than 1,500,000 acre�feet, then minimum· releases 

from Lake · Mead for flood control shall be determined daily from table 1 

. . (Minimum Flood Control releases from Hoover Dam throughout the ·year) using 

available flood control storage space in Lake.Head. Pertinent information 

on permissible changes in the releases as indicated in table 1 is given in 

subparagraphs (1), (2), and (3) of this paragraph. 



.( n During 1 Au3ust to 1 January minimum rel":?ases from Lake Mead as .. 

given in table 1, if 110,000 cubic feet per second or less, shall not be 

reduced when -�once initiated until the storage space prescribed in 

paraeraph (a) above becomes available. During the remainder of the· year, 

releases as given in table 1 if 110,000 cubic feet per second o!:.__1.ess are 

maintained until 1,500,000 acre-feet of storage is available at Lake Mead. 

(2) Minimum releases from Lake Mead as given in table 1, if greater 

than 40,000 cubic feet per . second, shall not be reduced, when once 

initiated,· until Lake l1ead water surface has receded to elevation 1,221.4 

(top of spillway gates raised position). During 1 August to 1 January, 

releases may then be gradually reduced to 40,000 cubic feet per second and 

shall be maintained at not less than._ that rate until the storage space 

prescribed in paragraph (a) above becomes available.. During the remainder 

of the year releases may also be.re�uced to 40,000 cubic feet per second 

upon reaching elevation 1,221.4 in Lake Mead, and shall be maintained at 

not less than that rate until 1, soo·; 000 acre-feet of storage _ space is 

.. available at Lake Mead. 

(3) The releases required in table 1 are minimum releases. Based on 

forecasted inflow, releases when the Lake Mead water surface elevation is 

between 1219.61 feet and 1229.00 may be higher during the early stages or 

a flood so as to achieve a greater reduction in ultimate peak outflow. 

(c) Releases from Lake Mead shall be restricted to quantities t_hat 

l:!.11 not cause a flow in excess of 40,000 cubic feet per second at tbe 

gaging station, Colorado River below Davis Dam, insofar as possible� 

5 



.H�H-ever:, l-.1. th the rese:--voi:-- water surface at the top of the flood corrt!'Ol . 

pool; . a dis�harge of about 65,000 cubic feet per second will be passing 

over the Hoover Dam spillways with the gates in the raised position. 

(d) For the pe:-iod 1 January through 31 July, :r.ini::i:.i.--n releases fro�e

Lake Mead to attain the 1 August flood control sp�ce prescribed in 

paragraph (a) above shall be determined·. by use of the Flood Control 

Algorithm described in Exhibit 1 and Water Loss Equations· for Lakes Mead 

and -Powell described in Exhibit 2. Pertinent information on innow 

forecasts and_ on permis�ible changes in the prescribed releases is given 

in subparagraphs (1), (2), (3), (4), (5), and (6) ·or this paragraph. 

(1)e All inflow forecasts used in carrying out the provisions ofe

these regulations shall be prepared by the Colorado River Forecast_ing 

Service located in the National Weather Service River Forecast Center in 

Salt Lake City, Utah and shall-be for the now of the Colorado River into 

Lake Mead including the runoff. contribution from the tributary drainage 

area between Lake Powell and Lake Mead. 

(2)e Lake Mead inflow forecasts as provided by the Colorado Rivere

Forecast· Service shall be determined from depleted now. Depletion of 

natural (virgin) flow shall include transb�si-n _9iversions, net water use 

{diversion minus return now), and evaporation from reservoirs upstream or 

Lake Powell. Adjustments to the forecast provided by the Colorado River 

F�r-ecast Service shall be made for effective storage · space in upstreame.e

�c��rvoirs as specified in subparagraph (3) of this paragraph. The 

.. 
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·c�xi±tci forecast for a.,y specified runoff pe!"iod is defined as the·· 

estimated inflow volume· (acre-feet) that, on the average, will not be 

exceeded 19 times out of 20. 

( 3) Effective storage space in Navajo, Blue Mesa, and Flami:1g Gor3e 

plus Fontenelle reservoirs is the lesser of the actual space available, or 

the usable space· available. The usable space is the. difference between 

the mean forecasted infla.. volume (acre-feet) for any -specified· 
, 

runoff 

period and projected mean reservoir releases. In computing effective 

storage space for Flaming Gorge plus Fontene�le, the actual space is the 

sum of the actual available space in both reservoirs; while mean 

forecasted inflow volume and projected mean reservoir release will be the 

values at _Flaming Gorge reservoir •. Effective storage space in a 

reservoir(s) may be a negative value if projected mean reservoir releases 

exceed the mean forecasted inflow volume. 
. -

(4) When minimum releases for the months of January through July as 

determined by the Flood Control Algorithm are less than 28,000 cubic feet 

per second, it will be permissible to release less than the indicated 

amounts for • a �_ rt of a month, provided the average releases for the • 

entire month will equal the release_ given by the Algorithm,. without nows 

exceeding 28,000 cubic feet per second at the gaging station, Colorado 

River below Davis Dam. 

(5) The Flood Control Algorithm described in Exhibit 1 accounts for 

storage space in Lakes Powell and Mead. Whenever sufficient runoff 

occurs, Lake Powell is expected to fill to capacity · (water surface 

7 



e�evati:on 3700.0 feet) an:1 Lake Mead is expected to !"111 to capicity-

(water surface elevation 1219.61), and remain full until 1 August so as to 

· preclude any increase in the flood control releases specified by the Flood 

Control Algorithm above 28,000 cubic feet per sec0nd at the gaging 

static�, Colo�ado River below Davis Dam. 

( 6)" The objective of the Flood Control Algorith:n is ·to specify 

releases such that Lake Mead will be no hig..�er than· water surface 

elev�tion 1219.61 feet (1,500�000 acre-feet of available storage ·space 

below elevation 1229.0 feet) on 1 August. �ubsequent revisions to the 

::ini:m:n releases specified by the Flood Control Algorit}:lm may _ be made 

during July if justified by a forecast of the remaining runoff and 

comparison with empty reservoir-space available. 

(e) During the period 1 January th?'.'ough 31 July the larger release 

specified by the Flood Control Algorithm versus table 1 shall be the 

required minimum release. 

(f) At anytime of the year, Hoover Dam releases shall not result in  

a flow rate greater than 28,000 cubi-c feet per second at the gaging 

station;· Colorado River below Davis Dam unless required or authorized by 

these.regulations. 

(g) Nothing in this agreement shall be cons trued to require 

dangerously rapid changes in magnitudes of releases. Releases _ will be 

made in a manner consistent with requirements for protecting the dam, 

reservoir and appurtenances from major damages • 

· ' . 
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(h) Hoover Dam is but one of three major flood control reser-voirs in .. 

the Lower Colorado River· Basin. The Corps of Engineers operates Ala�o Dam 

on the Bill Williams River and Painted Rock Dam on the Gila River. In 

that flo-..."3 on these tri buta."'y streams contribute to the mainste:n Colo!"ado 

River, coordinated operation of all three reser voirs is essential to 

achieving nood control objectives. Hence temporary deviations from the 

Hoover Dam releases prescribed in this regulation may be necessary after 

consideration of the available storage, projected innows, and required 

releases -�rom these tributary reservoirs. 

{i) The Bureau of Reclamation shall procure such current basic 

hydrologic data, and make such current calculations of permissible 

releases from Lake Mead as are required 
. . . 

to accomplish the flood control 

objectives prescribed above. 

(j) The Bureau of Reclamation shall keep the Los Angeles District 

\, (----) Engineer, Corps of Engineers, Deparofe"nt ·or· th� Army, in charge of the 

locality, currently advised of reservoir releases, reservoir storage, and 

such other operating data as the District Engineer may request, ·and also· 

of those basic 
.. 

op�rating criteria that effect the schedule of operation • 

(k) The flood control regulations are subject to temporary 

modification by_ the Los Angeles District Engineer, Corps of __ Engineers, if 

found necessary in time of e!llergenoy. Requests for and action on such 

modifications may be made by the fastest means of communications 

available. The action taken shall be confirmed in writing the s��e day to 

the office of the Regional Director and shall include justification for 

the action. 

---� ' . ; . :-

--
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. ( fl The Regional Director may temporar ily deviate from the flood ·· 

control regulations in the event an immediate short-term departure is 

deemed necessary for emergency reasons to protect the safety of Hoover Dam 

and. Lake Mead, or downstream dams, or the levee systems along the lower 
· •  

Colorado_ River. Such actions will b� immediately reported by the fastest 

means of com:nunication available. Actions. shall be confirmed in writing 

the same day to the Los Angeles District Engineer, Corps of Engineers, and 

shall include justification for_the action. 
-:--_ ... 

(m) The Bureau of Reclamation shall be responsible for providing 

adequate warnings to downstream interests when changes in release of 

stored floodwaters are made. 

(n) Revisions to the flood ·control operation for Hoover Dam and Lake 

Mead may be developed as necessary by the parties of this agreement. Each 

such revision shall be effective on the date specified. 
-

.. 

m WITNE� WHEREOF, the parties hereto have caused this memorandum of 

agreement to be executed as of the day and date first above written • 

. . 

Corps of Engineer�-- Bureau of Reclamation 

� _ol \, ---�-BY� 
B�igadier General, USA Regional Director 
Division Engineer Lower Colorado Region 
South Pac ific Division 

. 
. 

, 0 

.- .
..... 
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°!:able i·. Minimum flood control releases from Hoover Dam throughout the 
year. 

CRITERIA RELEASES 

Water surface elevation between Make releases equal to innow up to 
1219.61 and 1221.40 feet (available 28,000 cubic feet per second 
s t.o:�age bet..reen 1,500,000 and 
1,218,000 acre-feet) 

·. 
Water surface elevation between Make outflow equal to inflow up to 
1221.40 and 1226.90 feet (available 40,000 cubic feet per second 
storage bet ween 1 , 218,000 and 
340,000 acre-feet) 

Water surface �ievation between Make outflow equal to inflow up to 
1226.90 feet to 1229.00 (available 65,000 cubic feet per second 
storage b�tween 340,000. and O acre
feet 

At water surface elevation 1229.00 Maintain outflow equal to inflow 
(top of the flood control pool) 

NOTE: 

in storage 
. 

- Water surface Water Available storage 
elevation (millions or (millions of 

(feet) acre-feet) acre-feet) Level 

1205.40 Permanent 
/'�-. 

23.708 3�669 

�- •.  

. 
. ) -

.. 
spillway crest 

1219 .61 25.877 1.500 Minim� required 
flood control 
pool 

1221.40  26.159 1.218 Top of spillway 
. 
. gates in raised 

position 

1226.9 27.037 0.340 Spillway discharge 
equals 40,000 cubic 

.- feet per second 
with spillway gates 
in raised position 

1229.00 27.377 o. Top of nood 
control pool 

1232.00 Top of dam 

1 1 
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EXHIBIT 1 

FLOOD CONI'ROL ALGORITHM 

The flood control algorithm is applicable during the period of 1 January 

t.hrough_ 31 July. 

Definitions • 
. .,..,.. .. 

FI = the forecasted depleted inflow volume (in million acre.:..feet) to 

Lake Mead during the current month through 31 July, which will not 

be exceeded 19 times out of 20, and has been adjusted for 

effective storag�_space in selected upstream reservoirs excluding 

Lake Powell. FI.is referred to as the maximum forecast. 

SSM = current storage spa� (in million acr�feet) in Lake Mead below 
-
.. 

elevation 1229.0 feet. 

SSP = current storage space (in million acre-feet) in Lake Powell below 

elevation 3700.0 feet. 

RR� 
= the Hoover Dam hypothetical average release rate (in cubic feet 

per second at a spec ific step rate corresponding to the subscript 

N) thro_ugh 31 July excluding the current month. Step values are 

as follows:· 

) 
12 
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Release Step Rel e:1s e Rate 

(cubic feet per second) 

0 

 
19,000 

·.

28,000 

35,_000 

. 

40=,000 
� 

73,000 

RCM = the Hoover Dam average release rate (in cubic feet per 

second) during the current month determined from 

solution of.the volumetric equation given below • 

FCR = the Hoover Dam average release rate (in cubic feet per 

second) required f5r nood control during the current 

month. 

NCM = 
. 

the number of days in the current month. 
. 

NRM = the number of remaining days from the present through 

31 July exqluding the current month. 

BSM = the Lake Mead water loss (in million acre-feet) to bank 

."storage_- during the current month through 31 July. 

1 3 
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. EVM = the Lake Mead water loss (in million acre-feet) due to 

·evaporation at the lake surface durin g the current 

month through 31 July. 

B.SP = the Lake Powell net water loss (in million acre-feet) 

due bank storage d�ring the current month through 

31 July. 

.. 
EVP ,: the Lake Powell net water loss (in million acre-feet) 

due to evaporation and p�ecipitation during the current 

month through 31 July. 

SNC = The Lake Mead net water withdrawal (in million acre

feet) due to consumptive use by the Southern Nevada-

Water Project during the current month through 31 July. 
-
.. 

Detailed procedure and equations used to define the terms BSM, EVM, BSP 

and EVP are presented in Exhibit 2. 

·The· volumetric equation applied to dete�mine RCM is as follows: 

FI= SSH+ SSP - 1.5 + 1.9835 x.10-6((RcM·x NCM) + (RR M
N 

x NRM)) + 

BSM + EVM + BSP + EVP + SNC 

14 
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-Solution of equality of the volumetric equation is iterative using 

progressively increasing step values_ of RRM . throttgh RRM • RRMN must be 1 6

the· smallest step value satisfying the requirement that RCM must be equal 

to or less than RRMN. 

.. 

The required. Hoover Dam flood control release FCR during the current month 

is determined according to either condition a orb as f ollows: 

(a) if RO! is greater than or equal to RR�_1 then, FCR = RCM 

or 

(b) if Ra-t is less than RRMi1_ 1 then, FCR = RRt-w�, 

.. 

-
.. 

..  
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EXHIBIT 2 

WA1ER LOSS EQUATIONS FOR 

LAKES MEAD AND PmlSLL 

July 1982 

IAKE MEAD 

BSM = 0.065 
• 

(SSM - 1.5) 
-r-... • 

6EVM = (NEM) (AAM x 10- ) 

where: 

BSM = the Lake Mead water loss (in million acre-feet) to ·bank storage·· . 

duri�g the current month through 31 July. 
-

.. 

SSM = current storage space (in million acre-feet) in Lake Head below 

elevation 1229.0 feet. 

EVM = the Lake Mead water loss (in m11iion acre-feet) due to evaporation 

at the lake surface during the current month through 31 July • 

AAM = the average reservoir surface area (in acres) on Lake Mead from the 

current month through 31 July. 

16 
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- ]fr:M =-·.th� . average evaporation depth (in feet) for. Lake Mead from the 

current month through 31 ·July as follows: 

Evaporation 
Month ·Rate 

(feet) 

January 0.36 

February 0.33 

March 0.3
-,.,:, 

7 

April o.46 

May 0.53 

June o.64 

July o.�o 
, 

IAKE POWELL 
I 

BSP 

(-- "; 
= 0.15 (SSP) 

-
.. 

BSP = the Lake Powell water loss (in million acre-feet) to bank storage 

during the current month through 31 July • 

. 

SSP = 
. 

current storage space (in million acre-feet) in Lake Powell below 

elevation 3700.0 feet. 

17 
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,, .. 

. where: 

· EV? :. the Lake P·owell n et water -loss (in mill-ion acre-feet) due to 

evaporation and precipitation durin g the current month through 31 Jul y. 

E· . = · the average water s urface elevation of Lake Powell (in feet above 

m.ean sea level) from the current month through 31 July. 

SM= a CQ�fficient for th�. current month through 31 July·�s follows: 

Period Coe fficient 

Jan ua ry - July 0.536 

Febr uary - July 0.486 

March - July 0.43 9 

April - July 0.380 

f 

/:-� 
·, . 

May - July 0.313 
\ --. 

.... ---

Jun e - July 0.222 

July 0.118 

Constants are as foll ows: 

-1C - 1. 06524x 10 2 
1 = 

-8 
C2 = 1.68872x10

= 
. C - .9 .5143

-
3 

9x 10 5 

C4 = o. 229605 

C 2 
5 

= - 2.0211i16x10

) 
18 
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( 
- ·J  
_j11e e�uations in Exhibit 2 may be revised based on prudent e:igineering 

analysis without requiring formal revision of the total field working 

. Revision would be effective following written agree�ent
�;�}}Jgree::nent

; 
 

between the Regional Director and the Di vision Engineer. A 11 revised 

versions of Exhibit 2 shall be labeled indicating the date of revision 

before being effective. 

. . .  

.. 

< 

/· . . 
; ·  , � I 

-. ______ / -
.. 

. 

. 

) 
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Article V of the Decree of the Supreme Court of 
the United States in Arizona v. California dated 
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S U M M A R Y  
USE BY STATE, UNMEASURED RETURNS ESTIMATE, AND RESERVOIR CONTENTS 

CALENDAR YEAR 2000 
09/20/2001 (THOUSAND ACRE-FEET) 

......................... ........ ....................... ....................... ........................ ....................... ........................ ....................... ....................... ....................... ........................ ....... . .............. . ...................... ....................... .. 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 
....................... .. ..................... , ....................... , ....................... ....................... ....................... ....................... ....................... ........................ ........................ .. .... ................. , -----------· 

WATER USE SUMMARY 
ARIZONA 
CALIFORNIA 
NEVADA 
STATES SUBTOTAL 
UNMEASURED RETURNS 
TOTAi,. USE, LOWER DIVISION STATES 

1/ 

• Corrected 

• Corrected 
• Corrected 

165.2 217.0 282.3 324.8 363.7 248.0 236.1 198.2 168.3 139.2 
299.1 335.7 472,3 565:9 590.7 552.�. .580'4 • 511.5 353.!) ?97.3 

15.6 14.6 22.3 31.3 36.9 33.4 36.7 36.9 29.4 30.4 
.. 

480.0 567.2 776:9 . 922.0 991.3 83•(2 853:3 :.· ]46:6··· 550.7···. 466.8 
fag 11.2 19.0 20.6 25.1 .· 30:5 

.. 33.2 •32,0·· 25:1 21'.1 
466.0 556.1 757.8 901.5 966.2 803.7 820.0 714.6 525.6 445.8 

219.2 
. · 319.4 

21.4 
560.0 

15:0 
545.0 

240.7 
284.1 

13.1 
•·. 537.9 

14.7 
523.2 

2802.8 
5162.2 

322.0 
8287.0 
-261.6 

8025.4 

MEXICO IN SATISFACTION OF TREATY 171.9 187.0 218.6 198.8 170.6 157.1 163.9 133.8 131.3 173.5 155.2 175.4 2037.1 

WATER BYPASSED PURSUANT TO MINUTE 242 8.3 6.9 7.9 8.2 8.4 8.4 10.7 9.7 9.7 9.3 9.4 10.4 107.4 

TOTAL USE, LOWER DIVISION STATES & MEXICO 2/ 646.3 749.9 984.3 1108.5 1145.2 969.2 994.7 858.1 666.6 628.6 709.7 709.0 10169.9 

END OF MONTH ACTIVE CONTENTS: 
LAKE POWELL 21137 20948 20819 20674 21045 21758 21569 21305 20939 20753 20302 19823 251072 

LAKE MEAD 25046 24974 24598 24213 24047 23514 22912 22435 22444 22435 
LAKE MOHAVE 1685 1664 1674 1697 1747 1701 1670 1710 1523 1348 
LAKE HAVASU 553 538 543 576 593 593 576 595 566 588 
LOWER BASIN TOTAL STORAGE 27284 27176 26815 26486 26387 25808 25158 24741 24533 24371 

22405 
1471 

542 
24418 

22358 
1609 

547 
24514 

281381 
19498 

6810 
307689 

USE ABOVE HOOVER DAM: 
ARIZONA 0.003 0.004 0.004 0.009 0.013 0.016 0.016 0.016 0.009 0.010 
NEVADA 14.508 13.560 20.978 30.486 35.708 31.871 35.033 35.298 27.874 29.141 
TOTAL USE 14.511 13.564 20.982 30.495 35.721 31.887 35.049 35.314 27.883 29.151 

0.006 
20.129 
20.135 

0.005 
11.827 
11.832 

0.111 
306.413 
306.524 

USE BELOW PARKER DAM: 
ARIZONA 35.5 65.7 100.4 134.6 160.2 153.2 150.8 123.3 112.5 70.3 
CALIFORNIA 187.7 231.2 359.6 454.5 474.2 443.5 467.1 398.3 245.3 186.5 
MEXICO 3/ 180.3 193.9 226.5 207.1 179.0 165.4 174.7 143.5 141.1 182.8 
TOTAL USE 403.5 490.8 686.5 796.1 813.5 762.2 792.6 665.0 498.8 439.6 

61.0 
213.7 
164.7 
439.4 

44.5 
175.0 
185.8 
405.4 

1212.1 
3836.5 
2144.6 
7193:2 

• Highlighted, blue text has been corrected after publication ofDecree Report. 
1/ Estimated total unmeasure.d return of261,57� acre-feet reduces lower Division $tales' use. Estimated unmeasuredreturn,. . .  . . 

by state, is 169,243 af in Arizona, 90,205 af in California, and2;128 afinNevada. 
2/ Sum of States, deliveries to Mexico in Satisfaction of Treaty and Bypass Pursuant to Min. 242. 
3/ Includes water delivered in satisfaction of the the treaty with Mexico and water bypassed pursuant to Minute 242. 

.



· ARTICLE V OF THE DECREE OF THE SUPREME COURT 

OF THE UNITED STATES 

IN ARIZONA v. CALIFORNIA DATED MARCH 9, 1964 

2 



_/ 

Article V 

v. The United States shall prepare and maintain, or provide for the preparation and 
maintenance of, and shall make available, annually and at such shorter intervals as the 
Secretary of the Interior shall deem necessary o� advisable, for inspection by interested 
persons at all reasonable times and at a reasonable place or places, complete, detailed and 

accurate records of: 

(A) Releases of water through regulatory structures controlled by the United States; 

(B) Diversions of water from the mainstream, return flow of such water to the stream as is 
available for consumptive use in the United States or in satisfaction of the Mexican treaty 
obligation, and consumptive use of such water. These quantities shall be stated separately 
as to each diverter from the mainstream, each point of diversion, and each of the States of 
Arizona, California and Nevada; 

(C) Releases of mainstream water pursuant to orders therefor but not diverted by the party 
ordering the same, and the quantity of such water delivered to Mexico in satisfaction of the 
Mexican Treaty or diverted by others in satisfaction of rights decreed herein. These 
quantities shall be stated separately as to each diverter from the mainstream, each point of 

diversion, and each of the States of Arizona, California and Nevada; 

(D) Deliveries to Mexico of water in satisfaction of the obligations of Part III of the 
Treaty of February 3, 1944, and separately stated, water passing to Mexico in excess of 

treaty requirements; 

(E) Diversions of water from the mainstream of the Gila and �an Francisco Rivers and the 
consumptive use of such water, for the benefit of the Gila National Forest. 
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RECORDS OF RELEASES OF WATER THROUGH 

REGULATORY STRUCTURES IN ACCORDANCE WITH 

ARTICLE V(A) OF THE DECREE OF 

THE SUPREME COURT OF THE UNITED STATES 

IN ARIZONA v. CALIFORNIA DATED MARCH 9, 1964 

CALENDAR YEAR 2000 
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The following tabulations for calendar year 2000 show final records of releases of water 

through regulatory structures controlled by the United States. At Hoover, Davis, Parker, 

Palo Verde, Imperial, and Laguna Dams, the .records are.furnished by the U.S. Geological 

Survey based on measurements at or below the structures. 

The record of river flow through Headgate Rock Dam was computed using the record of flow at 

the gaging station "Colorado River below Parker Dam, Arizona-California," and deducting from 

it the record of flow at the gaging station "Diversions for Colorado River Indian Reservation 

Main Canal near Parker, Arizona." The diversions are. made at Headgate Rock Dam. 
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RELEASES OF WATER THROUGH REGULATORY STRUCTURES 

CONTROLLED BY THE UNITED STATES 
CALENDAR YEAR 2000 

08/09/2001 (THOUSAND ACRE-FEET) 

STRUCTURE JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

GLEN CANYON DAM 808.9 652.6 657.3 918.6 1154.0 493.2 514.0 517.2 671.7 617.2 813.2 838.0 8655.9 

HOOVER DAM 750.9 743.8 1036.0 1229.0 1237.0 963.9 1001.0 926.1 5n,o 588.6 n6.9 861.8 10692.0 

DAVIS DAM 651.9 756.3 1018.0 1202.0 1188.0 1011.0 1032.0 885.4 768.5 793.7 671.5 737.9 10716.2 

PARKER DAM 419.3 524.8 712.9 869.6 871.5 821.4 873.7 703.5 668.4 575.7 442.5 412.4 789fJ.7 

HEADGATE ROCK DAM 1/ 396.1 487.0 660.6 811.8 796.7 745.6 795.9 628.0 615.7 539.2 414.9 383.1 7274.6 

PALO VERDE DAM 371.2 438.0 591.2 694.3 655.5 605.3 644.3 522.6 486.9 479.8 3n,9 347.5 6214.5 

IMPERIAL DAM 2/ 22.2 25.2 46.3 34.5 39.0 ·30.4 35.8 41.7 30.1 60.1 23.2 24.7 413.3 
DIVERSION TO MITTRY LAKE FROM GILA MAIN CANAL 0.9 0.8 0.9 0.8 0.8 0.8 1.0 1.0 1.0 0.9 0.8 0.9 10.6 

SUM IMPERIAL DAM + DIVERSION TO MITTRY LAKE 23.1 26.0 47.2 35.3 39.8 31.2 36.8 42.7 31.1 61.0 24.0 25.6 423.9 

LAGUNA DAM 25.5 28.5 53.5 42.4 44.6 35.8 37.7 51.5 35.2 90.3 27.9 29.6 502.5 

1 / Computed as Parker Dam release less diversion at Headgate Rock Dam. 
2/ Flow below Imperial Dam, does not include diversions through AAC and GGMC 
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RECORDS OF DIVERSIONS, RETURN FLOWS, AND CONSUMPTIVE USE 

IN ACCORDANCE WITH ARTICLE V(B) OF THE DECREE OF 

THE SUPREME COURT OF THE UNITED STATES IN 

ARIZONA v. CALIFORNIA 

DATED MARCH 9, 1964 

CALENDAR YEAR 2000 
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The following tabulations for calendar year 2000 show final records of diversions of water 
from the mainstream of the Colorado River, return flow of such water to the mainstream, and 
the consumptive use of such. water. The records were furnished by the U.S. Geological Survey, 
International Boundary and Water Commission, Bureau of Indian Affairs, Bureau of Reclamation 
(Reclamation), National Park Service, U.S. Fish and Wildlife Service, and water user 
agencies. Diversions from the All-American Canal and Gila Gravity Main Canal at Imperial Dam 
were assigned to each user by adding each user's proportional share of the total canal losses 
to the delivery taken by each.user at its turnout from the canal. 

The tabulations show quantities of water drawn by surface diversion from the mainstream of 
the Colorado River, pumped from the mainstream through pumps in the mainstream and wells in 
the Colorado River flodd plain and the accounting surface. Diversions are listed in two 
separate tabulations for each state. The first tabulation lists water users whose diversions 
are measured and generally reported monthly. Return flows to the mainstream· and consumptive 
use are also listed for points of diversion and return when that information is available. 

The second tabulation, titled 'Supplemental Tabulation' shows quantities of water pumped from 
wells in the flood plain of the accounting surface where the amount of water use is generally 
determined from records of power use. Amounts diverted by pumping were determined as 
follows: (l)for most electric pumps, diversions were computed on an annual basis from power 
records and a "kilowatt-hour per acre-foot pumped factor" that was determined by discharge 
measurement; (2)for pumps other than electric and some electric pumps, a consumptive use 
factor of 6 acre-feet per irrigated acre of land per year was used. 

Consumptive use estimated for individual diverters may be over or under estimated. 
Reclamation is continuing the development of the Lower Colorado River Accounting System 
(LCRAS) to refine estimates of consumptive use. 

Tabulations for calendar year 2000 include determinations of the unmeasured Colorado River 
return flows to Lake Mead from Las Vegas Wash which accrue to the State of Nevada and a 
portion of the unmeasured return flows from the Yuma Mesa which are credited to the state of 
Arizona. 
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No person or entity is entitled to divert or use Colorado River water without an entitlement. 
An entitlement is an authorization to beneficially use Colorado River water pursuant to: (1) 
a right decreed by the Supreme Court, (2) a contract with the United States through the 
Secretary of the Interior (Secretary),. or (3) a Secretarial reservation of water. The 
diversions, return flows, or consumptive uses tabulated in this report constitute the records 
referenced in Article V of the Decree of the supreme Court in Arizona v. California and 
should not be interpreted as an entitlement or indication that the use is authorized. If you 
notice any error or omission, please report it to the contact person listed on the cover 

page. 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

LAKE MEAD NArL RECREATION, AZ. 
DIVERSIONS FROM LAKE MEAD DIVERSION 3 4 4 9 13 16 16 16 9 10 6 5 111 
(TEMPLE BAR) RETURNS 

CONSUMPTIVE USE 
LAKE MEAD NArL RECREATION, AZ. 
DIVERSIONS FROM LAKE MOHAVE DIVERSION 91 43 62 99 121 93 96 113 46 72 91 17 944 

(KATHERINE, WILLOW BEACH) RETURNS 
CONSUMPTIVE USE 

LOWER COLORADO RIVER DAMS PROJECT 
DIVERSION AT DAVIS DAM DIVERSION 3 3 1 1 2 2 2 2 2 2 3 3 26 

RETURNS 0 0 0 0 0 0 0 0 0 0 0 0 0 
CONSUMPTIVE USE 3 3 1 1 2 2 2 2 2 2 3 3 26 

BULLHEAD CITY 
PUMPED FROM WELLS DIVERSION 539 497 573 628 807 832 803 842 750 675 553 508 8007 

DIV. AT DAVIS DAM, MOHAVE CO. PARKS DIVERSION 5 5 5 8 17 19 18 15 13 7 6 4 122 
RETURNS 
CONSUMPTIVE USE 544 502 578 636 824 851 821 857 763 682 559 512 8129 

MOHAVE WATER CONSERVATION DIST. 
PUMPED FROM WELLS DIVERSION 44 42 48 45 58 78 67 83 58 62 53 56 694 

RETURNS 
CONSUMPTIVE USE 

BROOKE WATER, (WAS CONSOLIDATED W U) 
PUMPED FROM RIVER DIVERSION 27 26 27 34 42 43 47 45 39 32 28 26 416 

RETURNS 
CONSUMPTIVE USE 

MOHAVE VALLEY I.D.D. 
PUMPED FROM WELLS DIVERSION 1561 1631 2764 3580 4580 4582 5491 4029 2652 2893 2070 1599 37432 

RETURNS 
CONSUMPTIVE USE 

FORT MOJAVE INDIAN RESERVATION 
14 PUMPS AND WELLS IN FLOOD PLAIN DIVERSION 2/3/4 1835 2255 4081 5286 7661 10947 10637 7840 5228 5253 2662 2186 65871 
DELIVERED BY CITY OF NEEDLES DIVERSION 1 1 1 1 1 1 2 1 1 1 1 0 12 

RETURNS 
CONSUMPTIVE USE 1836 2256 4082 5287 7662 10948 10639 7841 5229 5254 2663 2186 65883 

GOLDEN SHORES WATER CONSERVATION DIST 
PUMPED FROM WELLS DIVERSION 2/ 29 23 40 43 53 64 70 67 53 44 31 30 547 

RETURNS 
CONSUMPTIVE USE 

HAVASU NATIONAL WILDLIFE REFUGE 
INLET-NW NE NW SEC 33 T9N R23E SSW G&SRMDIVERSION 8/ 55 198 2761 4360 6068 6990 5990 4310 2430 3600 1570 1670 40002 
WELL 8N/23E-15Aa DIVERSION 2/ 11 10 16 18 22 26 29 28 22 18 13 13 226 
(TOPOCK MARSH) RETURNS 0 0 0 0 1080 1570 134 304 0 0 246 0 3334 

CONSUMPTIVE USE 66 208 2m 4378 5010 5446 5885 4034 2452 3618 1337 1683 36894 
LAKE HAVASU I.D.D. (CITY) 
PUMPED FROM WELLS DIVERSION 867 803 850 1078 1384 1344 1927 1572 1642 1281 9n 905 14630 

RETURNS 
CONSUMPTIVE USE 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

CENTRAL ARIZONA PROJECT 
PUMPED FROM LAKE HAVASU DIVERSION 124569 145651 170654 174981 183679 71266 60169 56200 42757 54881 150239 189112 1424158 

RETURNS 
CONSUMPTIVE USE 

TOWN OF PARKER 
PUMPED FROM RIVER DIVERSION 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 WELL-NW NW NW SEC 7 T9N R19W G&SRM DIVERSION 10/ 52 51 67 86 98 109 114 101 89 75 52 48 942 

RETURNS 0 0 0 0 0 0 0 0 0 0 0 0 0 
CONSUMPTIVE USE 52 51 67 86 98 109 114 101 89 75 52 48 ·942 

COLORADO RIVER INDIAN RESERVATION 
DIVERSION AT HEADGATE ROCK DAM DIVERSION 23187 37818 52256 57840 74799 75761 m99 75490 52712 36469 27638 29318 621087 
1 PUMP (B-04-22,S14 bbd) & TOWN OF PARKER DIVERSION 4110/ 382 306 522 563 688 835 912 an 689 5n 410 403 7164 

RETURNS 15899 17575 20347 19607 22725 20756 23094 23034 19831 19498 16417 17162 235945 
CONSUMPTIVE USE 7670 20549 32431 38796 52762 55840 55617 53333 33570 17548 11631 12559 392306 

EHRENBURG IMPROVEMENT ASSN. 
1 PUMP SW sec 3 T3N R22W G&SRM DIVERSION 26 27 26 37 44 47 47 60 40 34 30 23 441 

RETURNS 
CONSUMPTIVE USE 

CIBOLA VALLEY IRRIGATION DISTRICT 
3 PUMPS SEC'S 20, 21 & 26T1 N R23W DIVERSION 1604 1285 2190 2365 2896 3510 3827 3680 2891 2422 1721 1694 30085 

RETURNS 
CONSUMPTIVE USE 

CIBOLA NATIONAL WILDLIFE REFUGE 
5 PUMPS IN SEC. 2 & 31 T1 S, R23W DIVERSION 790 315 1331 595 844 1596 1813 967 1529 2000 1843 944 14567 

RETURNS 
CONSUMPTIVE USE 

IMPERIAL NATIONAL WILDLIFE REFUGE 
2 WELLS sec 13 T5S R22W G&SRM DIVERSION 2/ 480 384 655 707 865 1049 1147 1101 865 725 515 507 9000 

RETURNS 
CONSUMPTIVE USE 

YUMA PROVING GROUND 
DIVERSION AT IMPERIAL DAM DIVERSION 0 12 1 0 0 15 0 0 0 2 0 0 30 
WELLS W, X, Y, Z DIVERSION 2/ 48 38 65 70 86 104 114 109 86 72 51 50 893 

RETURNS 0 0 0 0 0 0 0 0 0 0 0 0 0 
CONSUMPTIVE USE 48 50 66 70 86 119 114 109 86 74 51 50 923 

STURGES 
DIVERSION AT IMPERIAL DAM DIVERSION 891 853 1320 1268 1623 1470 1228 546 521 717 579 451 11467 
(WARREN ACT) RETURNS 80 38 159 60 72 53 45 27 32 30 22 51 669 

CONSUMPTIVE USE 811 815 1161 1208 1551 1417 1183 519 489 687 557 400 10798 
WELL TON MOHAWK I. & D. D. 
DIVERSION AT IMPERIAL DAM DIVERSION 18565 27250 36561 43434 52452 47611 48492 34484 37214 27886 22934 21901 418784 

GGMC RETURN 1846 1373 4871 2304 2592 1933 19n 1934 2541 1297 996 2755 26419 
DOME RETURN 964 1063 810 380 238 88 226 212 232 305 735 1085 6338 
MOD RETURN 9/ 8870 7450 8270 8330 8860 8860 10820 9620 10020 9410 9300 10470 110280 
RETURNS, TOTAL 11680 9886 13951 11014 11690 10881 13023 11766 12793 11012 11031 14310 143037 
CONSUMPTIVE USE 6885 17364 22610 32420 40762 36730 35469 22718 24421 16874 11903 7591 275747 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

CITVOF YUMA 
DIVERSION AT IMPERIAL DAM (AAC) DIVERSION 2645 2078 2370 2562 3265 3790 3603 3448 2358 2456 1949 1839 32363 
DIVERSION AT IMPERIAL DAM (GILA) DIVERSION 41 41 52 42 50 61 70 64 36 31 23 32 543 

RETURNS 775 699 683 674 743 805 824 872 875 851 867 841 9509 
CONSUMPTIVE USE 1911 1420 1739 1930 2572 3046 2849 2640 1519 1636 1105 1030 23397 

MARINE CORPS AIR STATION (YUMA) 
DIVERSION AT IMPERIAL DAM DIVERSION 80 87 113 177 239 252 256 242 215 175 110 84 2030 

RETURNS 
CONSUMPTIVE USE 

SOUTHERN PACIFIC COMPANY 
DIVERSION AT IMPERIAL DAM DIVERSION 4 4 4 4 4 4 4 4 .4 4 4 4 48 

RETURNS 
CONSUMPTIVE USE 

YUMA MESA FRUIT GROWERS ASSN. 
DIVERSION AT IMPERIAL DAM DIVERSION 12 

RETURNS 
CONSUMPTIVE USE 

UNIVERSITY OF ARIZONA 
DIVERSION AT IMPERIAL DAM DIVERSION 80 49 47 40 123 106 185 99 41 88 54 38 950 
(WARREN ACT) RETURNS 

CONSUMPTIVE USE 
YUMA UNION HIGH SCHOOL 
DIVERSION AT IMPERIAL DAM DIVERSION 6 0 9 22 34 25 30 30 27 11 9 8 211 

RETURNS 
CONSUMPTIVE USE 

CAMILLE, ALEC. JR. 
DIVERSION AT IMPERIAL DAM DIVERSION 5 4 7 8 10 12 13 12 10 8 6 5 100 
(WARREN ACT) RETURNS 

CONSUMPTIVE USE 
DESERT LAWN MEMORIAL 
DIVERSION AT IMPERIAL DAM DIVERSION 26 22 17 43 48 57 57 67 51 30 11 18 447 

RETURNS 
CONSUMPTIVE USE 

NORTH GILA VALLEY IRRIGATION DISTRICT 
DIVERSION AT IMPERIAL DAM 7/ DIVERSION 2898 3471 4524 5247 6575 5802 4378 2209 3304 4325 3364 2868 48965 

RETURNS 1888 2065 2761 2782 3399 2906 2447 1414 1891 2414 2121 1817 27905 
CONSUMPTIVE USE .1010 1406 1763 2465 3176 2896 1931 795 1413 1911 1243 1051 21060 

YUMA IRRIGATION DISTRICT 
DIVERSION AT IMPERIAL DAM 7/ DIVERSION 3925 3996 6597 7121 7941 6181 6183 4676 6386 6226 4212 4733 68177 
PUMPED FROM PRIVATE WELLS DIVERSION 28 138 203 401 284 82 177 117 335 317 132 91 2305 

RETURNS 1212 991 2295 1685 1833 1387 1364 1115 1726 1520 1019 1606 17753 
CONSUMPTIVE USE 2741 3143 4505 5837 6392 4876 4996 3678 4995 5023 3325 3218 52729 

YUMA MESA I. D. D. 
DIVERSION AT IMPERIAL DAM 7/ DIVERSION 10445 10976 17139 19366 26951 28552 28833 26827 26257 17460 11660 9396 233862 

RETURNS 3899 3542 6306 4782 5095 5154 5332 5268 5303 3639 2606 3797 54723 
CONSUMPTIVE USE 6546 7434 10833 14584 21856 23398 23501 21559 20954 13821 9054 5599 179139 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

UNIT "B" I. D. D. 
DIVERSION AT IMPERIAL DAM 717E/ DIVERSION 1683 1562 2307 2612 3411 3856 3605 3598 2728 1856 1425 1751 30394 

RETURNS 667 599 987 786 809 844 859 844 761 565 423 685 8829 
CONSUMPTIVE USE 1016 963 1320 1826 2602 3012 2746 2754 1967 1291 1002 1066 21565 

YUMA COUNTY WATER USERS ASSOCIATION 
DIVERSION AT IMPERIAL DAM DIVERSION 17374 21262 29618 41936 34851 24028 23988 16271 31701 18933 33133 22358 315453 
PUMPED FROM WELLS 7E/ DIVERSION 198 192 208 145 218 159 160 147 215 152 197 168 2159 

RETURNS 11152 9075 9365 11208 12034 10318 1ono 9661 14942 12768 14972 12821 139086 
CONSUMPTIVE USE 6420 12379 20461 30873 23035 13869 13378 6757 16974 6317 18358 9705 178526 

COCOPAH INDIAN RESERVATION 
DIVERSION AT IMPERIAL DAM DIVERSION 502 546 698 794 446 241 530 208 n 75 65 104 4286 
PUMPED FROM WELLS 7E/ DIVERSION 6 5 5 3 3 2 4 2 0 0 0 1 31 
PUMPED FROM WELLS, WEST COCOAPAH DIVERSION 332 350 561 674 738 825 m 964 829 768 356 596 mo 

RETURNS 2 -3 -7 5 7 5 7 4 2 1 1 2 26 
CONSUMPTIVE USE 838 904 1271 1466 1180 1063 1304 1170 904 842 420 699 12061 

YUMA AREA OFFICE, USBR 
DIVERSION FROM WELL NO.8 DIVERSION 2/ 82 74 82 80 82 80 82 82 80 82 80 82 968 

RETURNS 0 0 0 0 0 0 0 0 0 0 0 0 
CONSUMPTIVE USE 82 74 82 80 82 80 82 82 80 82 80 82 968 

PUMPED FROM SOUTH GILA WELLS (DPOC'S) RETURNS 5/ 6409 6001 6429 6220 6369 6040 5979 5053 5361 5400 5275 4989 69525 

OTHER USERS PUMPING FROM COLORADO 
RIVER AND WELLS IN FLOOD PLAIN DAVIS DIVERSION 6/ 2862 3050 4160 5181 5422 6241 6190 5938 4792 4086 3287 3158 54367 
DAM TO INTERNATIONAL BOUNDARY RETURNS 

CONSUMPTIVE USE 
ARIZONA TOTALS 11/ 

DIVERSION 218887 267439 345603 383595 429599 308768 299982 257585 231785 196894 274154 298809 3513099 
RETURNS 53663 50468 63276 58823 65856 60719 63878 59362 63517 57698 55000 58081 710341 
CONSUMPTIVE USE 165224 216971 282327 324TT2 363743 248049 236104 198223 168268 139196 219154 240728 2802758 

NOTE: The term 'CONSUMPTIVE USE' in this tabulation means diversions including underground pumping, less measured return flow and less current 
estimated unmeasured return flow to the river. 

NOTE: Negative values exist in the RETURNS of some users. The calculations used to derive these values are correct, 
the negative values may be attributed to lag between irigation application and measurement of return flow and/or gaging error. 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JIJL AUG SEP OCT NOV DEC TOTAL 1/ 

Footnotes: 

1 / No surface returns unless shown. 
2/ Reported annual total only, distributed monthly according to nearby users. 
3/ Calculated by assuming an annual diversion of 6 ac-ft per irrigated acre. 
41 Calculated using monthly power records. 
5/ Pumped from underground and credited as return flow to Yuma Mesa Division but unassigned to disticls as returns. 

Includes quantities of drainage from Yuma Mesa, Unit B, as well as from South Gila Valley. 
6/ Details on Arizona Supplemental Sheets. 
71 Summation for the Yuma Mesa Division, consisting of the North Gila Valley Irrigation District, the Yuma Irrigation District, and the Yuma Mesa 

Irrigation & Drainage District is as follows: 
Item Annual Totals (Acre-Feet) 

Diversion al Imperial Dam (A) 351004 
Pumped from wells 2305 
Surface returns from South Gila Valley (S.Gila Canal Wasteway) 2413 • 
Return flow North Gila Valley (6 drains & wasleways) 7497 • 
Return flow South Gila Valley wells (DPOC's) 69525 
Return flow Yuma Mesa Outlet Drain (B) 31994 • 
Return flow protective and regulatory pumping unit (C) 3500 • 
Estimated unmeasured groundwater return flow (D) 28151 
Return flow share of Gila Main Canal loss (E) 29621 • 

Subtotal return flow (F) 172702 169906 check from above 
Consumptive Use (see note above) 180607 183403 check from above 
(A)aTotal for the North Gila Valley, The Yuma Irrigation and the Yuma Mesa Irrigation and Drainage Districts, and 'Unit B'.a
(B)aEstimated al 85 percent of the Yuma Mesa Outlet Drain with balance credited to 'Unit B'.a
(C)aEstimated at 85 percent of Protective and Regulatory Pumping Unit with balance credited to 'Unit B'. 
(D) · Estimated at 38 percent of the North Gila Valley Diversion at Imperial Dam plus 14 percent of Yuma Irrigation District diversion ata

Imperial Dam. (Based on analysis of the USGS Report 83-4220 entitled 'A Method for Estimating Ground-Water Return Flow to thea
Lower Colorado River in the Yuma Area')a

(E)aOiversion*mileage weighted share of Gila Main Canal loss less canal surface evaporation (1397 af/yr) and riparian vegelaion (2154 af/yr).a
(F)aAdditional unmeasured amounts of return flows from the Yuma Mesa Irrigation and Drainage District, 'Unit B', the Cocopah Indiana

Reservation, and the Yuma County Waler Users Association (YCWUA) are utilized to meet consumptive uses in the United States and Ina
partial satisfaction of the Mexican Treaty obligation. Some of lhes underground flows are recovered by pumping from wells on thea
Cocopah Indian Reservation and in the YCWUA area, and by some of the surface drains in the YCWUA area. Efforts will be made to at leasta
quantify these return flows within broad limits by respective water user entities in future years.a

8/ Diversion adjusted for delivery to Mohave Valley I. 0. 0. (Chesney). 
9/ Main Outlet Drain return flow credit is measured flow at Station 0+00 and includes both Colorado River and Gila River water. Reclamation 

is working to develop a method to separate the different sources of return flow and will apply that methodology when available. 
10/ Includes 1 river pump, CRIT tribal usage delivered by the Town of Parker has been deducted. 
11 / Totals are rounded to the nearest 1 AF. 
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08/09/2001 

ARIZONA SUPPLEMENTAL TABULATION 
DAVIS DAM TO INTERNATIONAL BOUNDARY 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

(ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

Marble Canyon Company 
SUBTOTAL, LEE FERRY TO DAVIS DAM 

Crystal Beach Water Cons. District T4N/R20W Sec7 
Arizona State Parks, Lake Havasu S.P. 
Havasu Water Co. of AZ (Citizens Utilities) 
SUBTOTALS, DAVIS DAM TO PARKER DAM 

Hillcrest Water Co. 
Rayner, Jack Jr. (B-04-22)34 DCC(CDD) ·· 
Rayner, Jack Jr. (B-04-22)34 DCC(DCD) 
Arakelian, George (B-03-22.)16 DBD(DAD) 
Arakelian, George (B-03-22)16 DBD(DAD) 
Cibola Sportsman Sec. 31, T1 S, R23W, CCB 
Arizona Stale Parks (Windsor Beach) 
BLM Permitees (LHFO & YFO) 
SUBTOTALS, PARKER DAM TO IMPERIAL DAM 

Pratt, L. Sec14 T7S R22W ABC 
Dulin.A. (C-8-22) 8DAC 
Dulin,A. (C-8-22) 9CCC 
Glen Curtis Cit (C-8-22) 7CCD 
Glen Curtis Cit (C-8-22.) 18CBD 
Glen Curtis Cit (C-8-22.) 24BDD 
Glen Curtis Cit (C-8-22) 24BDD 
Glen Curtis Cit (C-8-22.) 18D0D 
Yowelman, R. SEC17 TOSS R22W CBC 
Cameron Bros. SEC24 TOSS R22W CCB 
Ott, Judd T. SEC30 TOSS R22W BAB 
Ott, Judd T. (C-8-22.) 19CCA 
Cameron Bros SEC24 T08S R22W CAD 
Ogram, George SEC24 TOSS R23W DCC 
Peach SEC22. TOSS R23W DCC 
Ogram, George SEC23 TOSS R23W CDA 
Ott, Lee & Larry SEC23 TBS R23W 
Yucca Pwr Plant SEC36 T16S R12E CBA 
Amigo Farms SEC28 T16S R22.E CDA 
Curry Family LTD SEC29 T16S R22.E DAC 
Power, R.E. & P. SEC29 T16S R22E BCC 
Hall, Ansil SEC36 T16S R21 E BCB 
Burrell SEC33 T08S R24W BAB 
Cocopah Bend RV SEC30 T16S R22E BOB 
Huerta Packing 16S/21 E-25DAA 
Huerta Packing 16S/22E-30CDA 
Farmland Mgmt SEC19 T09S R24W BAD 
Farmland Mgmt SEC19 T09S R24W BDD 
Farmland Mgmt SEC19 T09S R24W BOA 
Waymon Farms SEC31 T09S R24W BBB 

41 

41 

3/ 

41 

2/3/ 

2/3/ 

2/3/ 
2/3/ 
3/ 
3/ 
3/ 

3/ 

3/ 
3/ 

2/3/ 
2/3/ 
2/3/ 
2/ 

1.0 
1 

8.0 

0.1 
32.9 

41 

1.4 
82.6 

9.3 
117.7 

0.0 
25.6 

1.3 
65.3 
303 

19.2 
6.6 

534.9 
0.0 
0.0 

16.0 
419.8 

32.0 
51.2 
18.5 

0.7 
30.5 

1.8 
36.6 
67.4 

0.0 
48.5 
31.3 

6.4 
11.8 

151.9 
23.0 
16.0 
18.1 
63.0 
39.3 
0.0 
0.0 
0.0 

93.6 

1.1 
1 

7.0 
0.2 

31.3 
38 

1.2 
503.7 

83.9 
94.3 

0.0 
20.5 

0.8 
60.3 
765 

15.4 
45.8 

491.8 
0.0 
0.0 

12.8 
134.7 

25.6 
41.0 
14.8 

0.5 
24.4 

1.4 
29.3 
46.5 

0.0 
38.8 

25.1 
2.5 
6.0 

121.7 
18.4 
12.8 
14.5 
46.8 

71.8 
0.0 
0.0 
0.0 

51.1 

1.7 
2 

8.0 

0.1 
34.2 

42 

1.3 
276.0 
50.0 

160.7 
0.0 

34.9 
1.0 

87.9 
612 

26.2 
12.5 

771.8 
0.0 
0.0 

21.8 
301.3 
43.7 
69.9 

25.3 
0.9 

41.6 
2.4 

50.0 
27.6 

0.0 
66.2 
42.7 
7.0 

23.2 
207.5 
31.4 
21.8 
24.8 
73.2 
86.0 

0.0 
0.0 
0.0 

56.7 

15 

1.8 

2 

7.0 
0.1 

38.5 

46 

2.1 
552.1-

27.8 
173.5 

0.0 
37.7 

1.1 
97.8 
892 

28.3 
136.4 
835.3 

0.0 
0.0 

23.6 
338.5 
47.2 
75.5 
27.3 
1.0 

44.9 
2.6 

54.0 
47.9 

0.0 
71.5 
46.1 
20.1 
45.6 

22.4.0 
34.0 
23.6 
26.7 

133.8 
155.9 

0.5 
2.1 
1.1 

127.1 

2.1 
2 

8.0 

0.0 
61.6 

70 

1.9 
378.9 
34.2 

212.2 
0.0 

46.1 
1.4 

126.7 
801 

34.6 
32.2 

932.5 
0.0 
0.0 

28.8 

316.4 
57.7 
92.3 
33.4 

1.2 
54.9 

3.2 
66.0 
12.9 

0.0 
87.4 
66.0 
15.7 
28.3 

273.9 
41.5 
28.8 
32.7 

183.8 
171.2 

0.0 
0.0 
0.0 

107.8 

2.1 
2 

7.0 
0.1 

84.3 

91 

2.1 
873.8 

97.4 
257.2 

0.0 
56.3 

2.1 
142.6 
1431 

41.9 
11.1 

788.2 
0.0 
0.0 

35.0 
546.6 

69.9 

111.8 
40.5 
1.4 

66.6 
3.9 

80.0 
129.5 

0.0 
105.9 

78.0 
9.9 

65.9 

333.4 
50.7 
35.0 
39.8 

122..2 
46.0 
60.0 
14.0 

0.6 
111.2 

2.2 
2 

8.0 

0.1 
92.9 

101 

2.5 
625.1 

88.8 

281.9 
0.0 

61.0 
2.1 

96.1 
1157 

45.9 
100.1 
918.4 

0.0 
0.0 

38.1 
544.3 
76.3 

122.4 
44.2 

1.6 
72.6 

4.2 
87.3 
22..3 

0.0 
115.5 
80.0 

0.0 
21.6 

362.2 
54.9 

38.1 
43.2 
66.7 

0.0 
51.8 
0.2 
0.3 

11.9 

1.9 
2 

7.0 
0.1 

83.9 

71 

2.0 
734.1 

54.2 
270.0 

0.0 
58.7 

1.8 
136.3 
1257 

44.0 
22..3 

591.4 
0.0 
0.0 

36.7 
606.9 

73.4 
117.4 

42.5 
1.5 

69.9 
4.1 

84.0 
118.3 

0.0 
111.2 
80.0 
13.2 
15.3 

348.6 

52.8 

36.7 
41.6 
53.1 

0.0 
106.2 
123.4 

0.3 
82.8 

1.9 
2 

8.0 

0.1 
64.9 

73 

2.0 
240.9 

27.6 
212.2 

0.0 
46.1 

1.9 
75.8 
606 

34.6 
43.7 

616.5 
0.0 
0.0 

28.8 

541.1 
57.7 
92.3 
33.1 
1.2 

54.9 
3.3 

66.6 

137.6 
0.0 

87.7 
60.3 
0.0 
0.0 

273.9 
41.5 
28.8 

32.7 
53.1 
0.0 

80.1 
65.8 

0.3 
99.9 

1.8 
2 

7.0 
0.1 

49.5 
57 

2.5 
183.7 

17.0 
1n.1 

0.0 
38.6 

1.7 
90.1 
511 

29.0 
8.6 

589.8 

0.0 
0.0 

24.2 
240.4 
48.3 
77.3 
28.0 
0.8 

46.3 
2.7 

55.3 
0.0 
0.0 

73.2 
31.1 
29.7 
36.9 

229.4 
34.8 

24.2 
27.4 
99.7 

113.6 
0.7 

28.0 
29.3 

143.0 

1.7 
2 

8.0 

0.1 
58.2 

66 

1.7 
-45_7 

9.1 
126.3 

0.0 
27.5 

1.8 
74.9 
287 

20.6 
32.8 

431.4 
0.0 
0.0 

17.2 
607.9 
34.3 
54.9 

19.9 
0.7 

32.7 
1.9 

39.3 
0.0 
0.0 

52.0 
1.0 

11.8 
14.9 

163.0 
24.7 
17.2 
19.4 

187.4 
66.2 

0.0 
30.3 
15.2 

145.8 

1.6 
2 

7.0 
0.1 

38.9 

46 

2.0 
80.0 
11.9 

124.3 
0.0 

27.0 
1.2 

68.4 
315 

20.3 
15.6 

455.7 
0.0 
0.0 

17.0 
343.0 

33.9 
54.0 
19.6 

0.7 
32.2 

1.9 
38.7 

0.0 
0.0 

51.2 
45.4 

4.2 
16.0 

160.5 
24.3 
17.0 
19.1 

117.3 
28.8 

0.0 
0.0 

16.4 

147.5 

20.9 

21 

90.0 

1.0 
651.0 

742 

22..7 
4576.6 

511.2 
2208.0 

0.0 
480.0 

18.2 
1122..2 

·8939 

360.0 
467.7 

7957.7 
0.0 
0.0 

300.0 

4940.9 
600.0 

960.0 
347.1 

12.2 
571.5 

33.4 
687.1 
610.0 

0.0 
909.1 
587.0 
120.5 
285.5 

2850.0 
432.0 
300.0 

340.0 
1200.1 
778.8 
299.3 
263.8 

63.5 
1178.4 



ARIZONA SUPPLEMENTAL TABULATION 
DAVIS DAM TO INTERNATIONAL BOUNDARY 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

TOTAL 1/ WATER USER JAN FEB MAR APR MAY JUN JUL · AUG . SEP OCT NOV DEC 

Waymon Farms SEC36 T09S R25W AAA 61.3 43.7 42.0 136.1 123.7 53.2 90.4 84.9 47.9 46.7 0.0 112.0 841.9 
W. Brand-D. Donnely (C-9-25) 35ABA 2fJ/ 33.6 26.9 45.9 49.5 60.5 73.8 80.1 n.o 60.5 50.7 36.0 35.5 630.0 
JW Cumings (C-10-25) 1 BBA 63.3 80.2 103.2 148.1 171.7 57.2 93.1 0.3 107.5 103.5 55.1 123.0 1106.2 
P. Sibley (C-10-25) 2COA 2/3/ 103.9 83.3 142.0 153.3 187.4 228.1 247.8 238.5 187.4 157.0 111.5 109.8 1950.0 
JW Cumings (C-10-25) 14ADB 39.4 50.7 68.2 56.0 103.9 0.0 0.0 54.9 0.0 135.6 45.6 42.5 596.8 

C & J Cummings (C-10-25) 26BAB 2/3/ 25.6 20.5 34.9 37.7 46.1 55.9 61.4 58.7 46.1 38.6 27.5 27.0 480.0 
J. Barkley (C-10-25) 25CBA 2/3/ 25.6 20.5 34.9 37.7 46.1 55.9 61.4 58.7 46.1 38.6 27.5 27.0 480.0 
Brown, Roger S. (C-11-25) 2BBA 32.0 25.6 43.7 47.2 57.7 69.9 76.4 73.4 57.7 48.3 34.3 33.8 600.0 
State of Arizona (State Land Dept.) 378.5 581.8 875.7 961.0 1046.1 1065.0 1241.5 1075.4 1014.4 834.0 529.8 552.0 10155.2 
Hughes, Earl (C-11-25) 30AC 15.2 19.5 78.7 40.3 2.4 58.3 53.3 8.4 7.1 11.2 21.8 53.3 369.5 
SUBTOTALS, BELOW IMPERIAL DAM 4/ 2517 2246 3505 4242 4549 4716 4930 4608 4110 3516 2932 2796 44665. 
:;; ·=======================================================================================================-===========================================----

*** Total Arizona Supplemental Tabulation*** 4/ 2862 3050 4160 5181 5422 6241 6190 5938 4792 4086 3287 3158 54367 

1/ Calculated from monthly power records and power-discharge measurements where available, else from power-discharge rate. 
2/ Calculated by assuming an annual diversion rate of 6 ac-n per acre. 
3/ Reported annual total only, distributed monthly according to nearby users. 
4/ Totals rounded to the nearest whole number. 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF CALIFORNIA 

09/20/2001 
-----------· ......................., -----------· -----------· ......................, -----------· -----------· ....................... 

(ACRE-FEET) 
-----------· -----------· -----------· -----------· 

WATER USER JAN FEB MAR 
....................................................................... , 

APR MAY 
-----------· -----------· 

JUN 
....................... 

JUL AUG 
-----------· ...................... , 

SEP OCT 
-----------· ....................... 

NOV DEC 
-----------· -----------· 

TOTAL 1/ 

FORT MOJAVE INDIAN RESERVATION 
DELIVERED BY CITY OF NEEDLES DIVERSION 3 2 4 4 5 6 6 6 5 4 3 3 50 
PUMPED FROM RIVER AND WELLS DIVERSION 4/ 

RETURNS 
1247 

0 
1636 

0 
2107 

0 
4243 

0 
4696 

0 
2735 

0 
1859 

0 
2068 

0 
1313 

0 
776 

0 
573 

0 
0 
0 

23253 
0 

CONSUMPTIVE USE 1250 1638 2111 4247 4701 2741 1865 2074 1318 780 576 3 . 23303 
CITY OF NEEDLES 
PUMPED FROM RIVER AND WELLS DIVERSION 132 106 180 195 238 289 315 303 238 199 142 139 2475 

RETURNS 9/ 
CONSUMPTIVE USE 

88 
44 

70 
35 

120 
60 

130 
65 

159 
79 

192 
96 

210 
105 

202 
101 

159 
79 

133 
67 

94 
47 

93 
46 

1649 
826 

CHEMEHUEVI INDIAN RESERVATION 
PUMPED FROM RIVER AND WELLS DIVERSION 7/ 

RETURNS 
11 26 26 17 63 30 80 26 15 34 6 9 342 

CONSUMPTIVE USE 
METROPOLITAN WATER DISTRICT 
DIVERSION FROM LAKE HAVASU DIVERSION 110395 103016 110734 107207 111766 106455 111351 111116 106475 110073 105295 109265 1303148 

RETURNS 2/ 290 
CONSUMPTIVE USE 110105 

255 
102761 

282 
110452 

256 
106951 

220 
111546 

249 
106206 

247 
111104 

280 

110836 
248 

106227 
274 

109799 
261 

105034 
272 

108993 
3134 

1300014 
PARKER DAM AND GOVERNMENT CAMP 
DIVERSION AT PARKER DAM DIVERSION 12 11 18 18 25 25 26 27 14 17 7 5 205 

RETURNS 1 0 0 1 1 1 1 1 1 1 1 1 10 
CONSUMPTIVE USE 11 11 18 17 24 24 25 26 13 16 6 4 195 

COLORADO RIVER INDIAN RESERVATION • values rpt'd in 2000 
PUMPED FROM 11 PUMPS AND WELLS **corrctd DIVERSION 4/ 
4 PUMPS BIG RIVER DIVERSION 4/6/ 

RETURNS 
**corrected CONSUMPTIVE USE. 

CITY OF WINTERHAVEN 

1294 
···• 47  

92 

·, 139. 

1791 
.·.•t55. 

73 

.228 ·

2169 
·.•64.·• 
125 

)8? 

4503 4960 3044 
2p5•}> •\.3.o�··. -�et,·• • 

135 165 200 

396 . ,4�0.· fi09• 

2133 2195 
> 27:4• / fJ41:1 ·• 

219 211 

<.493. 3.�!:l:· : 

1424 
111 
165 

.275·· 

815 
. ·. •···· . 3!:l,•.• 
139 

'1.78 .· 

707 
134 

98 

23.2 

54 
• · 54 . 

97 

i 151.· 

25089 
·•. 1llA8: .. 

1719 

<•, :'.' .3557' 

1 WELL SE NE NE SEC 27 T16S R22E SBM DIVERSION 6/ 
RETURNS 

7 5 9 10 12 14 16 15 12 10 7 7 124 

CONSUMPTIVE USE 
PALO VERDE IRRIGATION DISTRICT 
DIVERSION FROM PALO VERDE DAM DIVERSION 39860 61580 78700 99420 113500 115800 118500 108900 82470 67300 48320 48410 982760 

RETURNS 31536 32610 38061 37827 42536 41256 40073 48901 41219 43613 37515 35666 470813 
CONSUMPTIVE USE 8324 28970 40639 61593 70964 74544 78427 59999 41251 23687 10805 12744 511947 

YUMA PROJECT, RES. DIV. INDIAN UNIT 
DIVERSION AT IMPERIAL DAM DIVERSION 1833 2034 3539 4533 3615 1470 2055 1196 2865 2110 2794 1741 29785 

RETURNS 4 -7 -21 20 36 20 19 14 38 23 37 20 203 
CONSUMPTIVE USE 1829 2041 3560 4513 3579 1450 2036 1182 2827 2087 2757 1721 29582 

YUMA PROJECT, RES. DIV. BARD UNIT 
DIVERSION AT IMPERIAL DAM DIVERSION 2474 3369 5029 6801 7063 5067 4103 3037 4022 2537 4014 2818 50334 

RETURNS 4 -8 -22 21 49 45 25 28 39 18 39 20 258 
CONSUMPTIVE USE 2470 3377 5051 6780 7014 5022 4078 3009 3983 2519 3975 2798 50076 

RETURNS FROM YUMA PROJECT 
RESERVATION DIVISION RETURNS 
SUM YUMA PROJECTS, RES. DIV. USE 

RETURNS 3/ 
CONSUMPTIVE USE 

3111 
1188 

2753 
2665 

3193 
5418 

3271 
8022 

4205 
6388 

2777 
3695 

3260 
2854 

3543 
648 

3031 
3779 

3315 
1291 

3261 
3471 

3213 
1306 

38933 
40725 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF CALIFORNIA 

09/20/2001 (ACRE-FEET) 
---------------------- -----------· -----------· -----------· -----------· ------------· .............. ______________ .,_, -----------· 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG 
-----------· 

SEP 
-----------· -----------· 

OCT NOV 
-----------· 

DEC TOTAL 1/ 
-----------· -----------· -----------· -----------· -----------· ··--------· -----------· -----------· -----------· ............................ , -----------· ............................. 

IMPERIAL IRRIGATION DISTRICT 
DIVERSION AT IMPERIAL DAM DIVERSION 159534 179174 283818 352066 362321 332461 352379 305213 179293 145911 179311 145975 2977456 

RETURNS 779 -1311 -3769 3147 7457 8773 6690 7896e 5103 3168 5103 3169 46205 
CONSUMPTIVE USE 158755 180485 287587 348919 354864 323688 345689 297317 174190 142743 174208 142806 2931251 

COACHELLA VALLEY WATER DISTRICT 
DIVERSION AT IMPERIAL DAM DIVERSION 18281 17839 24019 34297 40498 39824 37891 38578 24609 17351 24591 17288 335066 

RETURNS 89 -131 -319e 307 833 1051 719 998 700 377 700 375 5699 
CONSUMPTIVE USE 18192 17970 24338 33990 39665 38773 37172 37580 23909 16974 23891 16913 329367 

OTHER USERS PUMPING FROM COLORADO 
RIVER AND WELLS IN FLOOD PLAIN DIVERSION 5/ 1121 862 1437 1694 1987 2460 2603 2502 
DAVIS DAM TO INTERNATIONAL BOUNDARY RETURNS 

1954 1717 1142 1082 20561 

CONSUMPTIVE USE 

CALIFORNIA TOTALS 10/ 
** corrected DIVERSION 33504,9 • 3698�8 •. 5098()6 '610900 ·646218. 6()7144 ;, 631677 57332,5•, · .RETURNS 35902 34231 37525 44980 55496 54364 51244 61863 

403561 
50538 

,348218 366437 
50922 470-11 

3268.93 
42829 

, .�72911,6: 
566904 

** corrected after publication of report. CONSUMPTIVE USEe;:2��f4T .33SE5;57'. 47�28'1,· ;5�§�?P •;�sor2.�>'.g5?tao ... •:s.aq4,s3• , Sf146$,··· 
WATER MANAGEMENT 

353023 297296. 319426, 284064 51s22n, 

ACCT. CREDITS 0 0 0 0 0 0 0 0 0 0 0 0 0 
TOTAL USE 299147 335657 472281 565920 590723 552780 580433 511463 353023 297296 319426 284064 5162211 

WATER CONSERVATION PROGRAM 
IMPERIAL I. D./METROPOLITAN W. D. CONSERVED WATER 8/ 9122 9122 9122 9122 9122 9122 9122 9122 9122 9122 9122 9118 109460 

NOTE: The term 'CONSUMPTIVE USE' in this tabulation means diversions including underground pumping, less measured return flow and less current 
estimated unmeasured return flow to the river. 

NOTE: Negative values exist in the RETURNS of some users. The calculations used to derive these values are correct, 
the negative values may be attributed to lag between irigation application and measurement of return flow and/or gaging error. 

Footnotes: 

1/ No surface returns unless shown. 
2/ Estimate.based on measured seepage returning from regulatory reservoirs less an estimated amount of phreatophyte use. 
3/ Unassigned returns include drainage from the Indian Unit and the Bard Unit in the Reservation Division but excludes 

seepage from the All-American Canal. 
4/ Calculated using monthly power records. 
5/ Details on California Supplemental Sheets. 
6/ Reported annual total only, distributed monthly according to nearby users. 
7/ Calculated by assuming an annual diversion of 6 ac-ft per irrigated acre. 
8/ IID/MWD Water Conservation Program Phase 1 conserved water made available by II for diversion in current year by MWD. 
9/ Needles total return estimated as 40% of diversion plus measured returns (unpublished report, Colorado River Board-of California). 
10/ Totals are rounded to the nearest 1 AF. 
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CALIFORNIA SUPPLEMENTAL TABULATION 
DAVIS DAM TO INTERNATIONAL BOUNDARY 

CALENDAR YEAR 2000 
STATE OF CALIFORNIA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

Ida Cal 11N/zz.N-31BAB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Ida Cal 11 N/21 E -36ADD 50.0 29.2 19.7 91.5 71.8 170.2 113.3 98.9 78.7 110.6 0.0 0.0 833.9 
Ida Cal 11 N/21 E -36CDA 42.3 10.3 25.9 90.4 45.8 38.7 47.8 50.9 25.6 43.9 45.7 0.3 467.6 
Southern Cal Gas 09N/23E -29DCA 41 0.2 0.1 0.1 0.8 0.7 1.2 1.3 1.5 2.5 4.5 3.1 0.2 16.2 
Southern Cal Gas 1.4 1.1 0.8 5.2 8.1 8.3 15.6 10.4 6.4 3.3 0.7 0.3 61.6 
Pacific Gas & Electric 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Havasu Water Company T5N/R25E SEC31 3.9 3.4 4.0 4.6 5.9 6.6 6.0 7.4 5.1 5.2 4.5 3.4 60.0 
SUBTOTALS, DAVIS DAM TO PARKER DAM 5/ 98 44 51 193 132 225 184 169 118 168 54 4 1439 

Lye, C. L. 1 S/24E -16Gb 2/41 10.8 4.4 4.1 10.0 15.2 0.0 15.90·0 20.5 18.6 21.1 4.4 9.7 134.7 
Picacho Development Corp (Lakeside Ent. of Ca) 3.8 0.0 3.0 4.7 9.2 9.6 1.50 2.2 0.0 1.0 0.0 0.2 35.2 
BLM Permitees (LHFO &YFO) 3/ 28.2 28.1°· 40;3 40.8 -52.40 81.4· 60.00 56.3- · -49.50 46.7 -31.7 .. 31.70 557.1 
SUBTOTALS, PARKER DAM TO IMPERIAL DAM 5/ 43 33 47 56 87 91 n 79 68 69 36 42 727 

Valdez, Mike SEC35 T15S R23E DOC 2/41 25.6 20.5 34.9 37.7 46.1 55.9 61.4 58.7 46.1 38.6 27.5 27.0 460.0 
Living Earth Frm SEC02 T16S R23E BBC 41 25.6 20.5 34.9 37.7 46.1 55.9 61.4 58.7 46.1 38.6 27.5 27.0 480.0 
Valdez, Mike SEC22 T16S R23E BOD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Power, Pete SEC14 T16S R23E CCB 2/41 108.7 87.1 148.5 160.3 196.0 237.7 260.4 249.5 196.0 164.2 116.7 114.9 2040.0 
Harp, P. (R. Harp) (C-8-23)13AAD 2/41 32.0 25.6 43.7 47.2 57.7 69.9 76.3 73.4 57.7 48.3 34.3 33.9 600.0 
Horizon Farms (C-8-22) 6CDA 41 223.6 179.2 305.4 329.8 403.2 488.8 535.4 513.1 403.2 337.8 240.0 236.2 4195.7 
Horizon Farms (C-8-22) 7BAB 41 11.5 9.2 15.7 17.0 21.3 25.2 27.5 26.4 20.8 17.4 12.4 12.2 216.6 
Horizon Farms (C-10-22) 7ABD 41 12.0 9.6 16.4 17.7 21.6 26.2 28.6 27.5 21.6 18.1 12.9 12.8 225.0 
Horizon Farms (C-10-22) 6DCB 41 12.0 9.6 16.4 17.7 21.6 26.2 28.6 27.5 21.6 18.1 12.9 12.8 225.Q0
Horizon Farms (C-8-22) 6BBD 2/4/ 12.0 9.6 16.4 17.7 21.6 26.2 28.6 27.5 21.6 18.1 12.9 12.8 225.00
Horizon Farms (C-8-22) 6BCD 4/ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Horizon Farms (C-8-22) 6CBA 4/ 68.1 54.5 93.0 100.4 122.7 149.5 .162.3 156.2 122.7 102.8 73.1 71.9 12n.2 
Horizon Farms (C-10-22) 6CBB 4/ 12.0 9.6 16.4 17.7 21.6 26.2 28.6 27.5 21.6 18.1 12.9 12.8 225.0 
MivCo Packing (C-16-23) 9CCA 4/ 61.7 49.4 84.2 90.9 111.2 134.8 147.1 141.5 111.8 93.1 66.2 65.1 1157.0 
Horizon Farms (C-8-22) 1 BBA 4/ 11.5 9.2 15.8 17.0 20.8 25.2 27.5 26.8 20.8 17.4 12.4 12.2 216.6 
Ed Wavers Farms (C-8-23) 1 BAD 4/ 16.8 13.5 23.0 24.8 30.3 36.8 40.1 38.6 30.3 25.4 18.1 17.8 315.5 
Living Earth Fm (C-8-23) 2ADC 4/ 3.2 2.5 4.3 4.6 5.7 6.9 7.5 7.2 5.7 4.8 3.4 3.3 59.1 
Land, K. H. (C-8-23) 2OOA 41 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Wilson Farms (C-8-23) 12BBA 4/ 2.3 1.8 3.1 3.3 4.1 5.0 5.4 6.3 4.1 3.4 2.4 2.4 42.6 
Horizon Farms (C-8-23) 1 DCC 41 18.0 14.4 24.6 26.6 32.5 39.4 43.0 41.6 32.5 27.2 19.3 19.0 338.1 
Dees, Alex (C-8-23) 1 DAC 41 120.7 96.7 164.9 178.0 217.6 263.8 287.8 278.3 217.6 182.3 129.5 127.5 2264.7 
Harp, Robert (C-8-23) 12DAC 2/41 9.6 7.7 13.1 14.1 17.3 21.0 22.9 22.1 17.3 14.5 10.3 10.1 180.0 
Horizon Farms (C-8-23) 12AAC 41 97.4 78.0 133.0 143.6 175.6 212.9 232.3 224.6 175.6 147.1 104.5 102.9 1827.5 
Horizon Farms (C-8-23) 12CDB 41 10.3 8.2 14.0 15.2 18.5 22.5 24.5 23.7 18.5 15.5 11.0 10.9 192.8 
Power, 0. L. (C-8-23) 11 DCA 4/ 72.6 58.1 99.1 107.0 130.9 158.6 173.1 167.3 130.9 109.6 n,9 76.7 1361.8 
Valdez, Mike T16S R23E SEC 30ACC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Valdez, Mike T16S R23E SEC 30ADD 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Unknown, 1.0. 16S-22E 29DAD 2/41 12.8 10.2 17.5 18.9 23.1 28.0 30.5 29.4 23.1 19.3 13.7 13.5 240.0 
Wetmore, Kenneth C. 2/3/4/ 0.3 0.2 0.4 0.4 0.5 0.6 0.7 0.7 0.5 0.4 0.3 0.3 5.4 
Williams, Jerry 3/ 0.0 0.1 0.0 0.0 0.1 0.2 0.2 0.2 0.1 0.1 0.1 0.1 1.1 
Lindeman, William H. & Hazel D. 3/ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 
Camey, Jerome D. 3/41 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.5 
Phillips, Dorothy L. (A&L Speeno) 3/41 0.2 0.1 0.2 0.1 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 1.8 
SUBTOTALS, BELOW IMPERIAL DAM 5/ 981 785 1339 1446 1768 2144 2342 2254 1768 14a0 105Z 1036 16384 

================================================•============================•=====================�======================================= --= -------= -- · 
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CALIFORNIA SUPPLEMENTAL TABULATION 
DAVIS DAM TO INTERNATIONAL BOUNDARY 

CALENDAR YEAR 2000 
STATE OF CALIFORNIA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

20561 ••• Total California Supplemental Tabulation••• 5/ 1121 862 1437 1694 1987 2460 2603 2502 1954 1717 1142 1082 

1/ Calculated from monthly power records and power-discharge measurements where available, else from power-discharge rate. 
21 Calculated by assuming an annual diversion rate of 6 ac-ft per acre. 
3/ Location of welVpump not reported. 
4/ Reported annual total only, distributed monthly according to nearby users. 
5/ Totals rounded to the nearest whole number. 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF NEVADA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

BOULDER CANYON PROJECT 
DIVERSION AT HOOVER DAM DIVERSION 5 5 6 7 8 10 11 9 6 7 5 4 83 

RETURNS 2 4 4 1 4 4 4 3 3 3 2 3 37 
CONSUMPTIVE USE 3 1 2 6 4 6 7 6 3 4 3 1 46 

ROBERT B. GRIFFITH WATER PROJECT 
DIVERSION AT SADDLE ISLAND, LAKE MEAD 
BY USER: BOULDER CITY 4/ 

LAS VEGAS VALLEY W.D. 4/ 
HENDERSON 4/ 
NORTH LAS VEGAS 4/ 
NELLIS AIR FORCE BASE 4/ 

DIVERSION 

RETURNS 

27816 
494 

22394 
2501 
2334 

93 

26167 
483 

21161 
2338 
2106 

79 

32885 

563 
25989 
2964 

2630 
147 

41048 

828 

32236 
4319 
3525 
140 

47021 
1135 

35622 
5667 
4303 

294 

40554 

1304 
28641 
6479 
3817 
313 .. 

43220 
1363 

30590 

6970 
3959 
338 

42826 

1317 
30413 
6742 
3986 
369 

35929 
1127 

25358 

5703 
3555 

187 

39843 

952 
30812 
4603 
3343 

133 

32233 
673 

25782 
3143 
2562 

74 

25155 
520 

19150 
2767 
2650 

68 

434697 
10757 

328149 
54196 
38769 
2234 

CONSUMPTIVE USE 
LAKE MEAD NATIONAL RECREATION AREA est est est 
DIVERSIONS FROM LAKE MEAD DIVERSION 62 49 66 95 63 85 87 101 80 60 52 51 851 

RETURNS 
CONSUMPTIVE USE 

LAKE MEAD NATIONAL RECREATION AREA 
DIVERSION FROM LAKE MOHAVE DIVERSION 17 18 17 17 22 24 33 34 27 29 21 19 278 
(COTTONWOOD) RETURNS 

CONSUMPTIVE USE 
BASIC MANAGEMENT INC. 
DIVERSION AT SADDLE ISLAND, LAKE MEAD DIVERSION 

RETURNS 
388 360 407 409 427 500 541 551 428 557 347 371 5286 

CONSUMPTIVE USE 
CITY OF HENDERSON 
DIVERSION AT SADDLE ISLAND, LAKE MEAD DIVERSION 

RETURNS 
800 713 714 982 1282 1312 1390 1666 1405 1199 875 729 13067 

CONSUMPTIVE USE 
NEVADA DEPARTMENT OF FISH & GAME 
DIVERSION AT SADDLE ISLAND, LAKE MEAD DIVERSION 

RETURNS 
431 
430 

403 
402 

430 
429 

420 
419 

433 423 443 432 
432 422 442 431 

453 
452 

551 
550 

537 
536 

570 
569 

5526 

5514 
CONSUMPTIVE USE 1 1 1 1 1 1 1 1 1 1 1 1 12 

CITY OF BOULDER CITY 
DIVERSION AT HOOVER DAM DIVERSION 5 4 10 17 22 27 37 37 23 22 12 7 223 

RETURNS 
CONSUMPTIVE USE 

PACIFIC COAST BUILDING PRODUCTS INC. 
DIVERSION AT GYPSUM WASH, LAKE MEAD DIVERSION 

RETURNS 
60 61 58 70 62 67 71 84 72 58 53 60 n6 

CONSUMPTIVE USE 
SOUTHERN NEVADA WATER AUTHORITY (SCE) 
PUMPED FROM SEC 24 T32S R66E MDB&M DIVERSION 958 927 1151 678 964 .· 1286 1442 1410 1346 1034 1109 1097 13402 

RETURNS 
CONSUMPTIVE USE 

BIG BEND WATER DISTRICT 
DIVERSION SEC 12 T32S R66E MDB&M DIVERSION 

RETURNS 
CONSUMPTIVE USE 

359 
229 

130 

341 
231 
110 

409 

257 
152 

425 
263 

162 

464 476 527 521 
255 263 _ 287 291 
209 213 ,240 230 

469 

262 
207 

448 
272 
176 

387 
229 

158 

406 

225 

181 

5232 
3064 

2168 
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DIVERSIONS FROM MAINSTREAM-AVAILABLE RETURN FLOW 
AND CONSUMPTIVE USE OF SUCH WATER 

CALENDAR YEAR 2000 
STATE OF NEVADA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

FORT MOJAVE INDIAN RESERVATION (Avi) 
HOTEL AND GOLF COURSE DIVERSION 64 51 87 94 115 139 152 146 115 96 68 65 1192 
2 WELLS, SECTIONS 27 & 5 DIVERSION 50 163 48 619 591 660 887 927 379 457 475 0 5256 

RETURNS 0 0 0 0 0 0 0 0 0 0 0 0 0 
CONSUMPTIVE USE 114 214 135 713 706 799 1039 1073 494 553 543 65 6448 

LAS VEGAS WASH RETURN FLOWS RETURNS2/ 14758 14028 13317 12872 13902 11504 11393 11081 10588 13185 14011 14632 155271 

OTHER USERS PUMPING FROM COLORADO 
RIVER AND WELLS IN FLOOD PLAIN DIVERSION 3/ 0.1 0 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0 1.1 
DAVIS DAM TO CALIFORNIA BOUNDARY RETURNS 

CONSUMPTIVE USE 
NEVADA TOTALS 5/ 

DIVERSION 31015 29262 36288 44881 51474 45563 48841 48744 40732 44361 36174 28534 485870 
RETURNS 15419 14665 14007 13555 14593 12193 12126 11806 11305 14010 14n8 15429 163886 
CONSUMPTIVE USE 15596 14597 22281 31326 36881 33370 36715 36938 29427 30351 21396 13105 321984 

GROUNDWATER INJECTED STORAGE 6/ 

LAS VEGAS VALLEY WATER DIST. INJECTED 3791 4878 5637 5108 1549 0 0 0 0 3546 5186 26 29721 
WITHDRAWN 0 0 0 0 0 0 0 0 0 0 0 0 0 

CITY OF NORTH LAS VEGAS INJECTED 1 0 16 31 16 0 0 0 0 0 0 0 64 
WITHDRAWN 0 0 0 0 0 0 0 0 0 0 0 0 0 

NOTE: The term 'CONSUMPTIVE USE' in this tabulation means diversions including underground pumping, less measured return flow and less current 
estimated unmeasured return flow to the river. 

Footnotes: 

1 / No surface returns unless shown. 
2/ Estimated return based on historic use method adopted by the task force on unmeasured return flows on August 28, 1984 and as revised. 
3/ Details on Nevada Supplemental Sheets. 
4/ User deliveries adjusted by weighted use to equal total diversion at Lake Mead. 
5/ Totals are rounded to the nearest 1 AF. 
6/ Nevada Injected Storage Balance: Beginning of Year Cumulative Injected Storage 2023n 

Plus Current Year Additions 29785 
· Minus Current Year Wlthdrawts 0 

End of Year CumulatiVe Injected Storage 232162 
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NEVADA SUPPLEMENTAL TABULATION 
DAVIS DAM TO INTERNATIONAL BOUNDARY 

CALENDAR YEAR 2000 
STATE OF NEVADA 

08/09/2001 (ACRE-FEET} 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 1/ 

Sportsman's Park 21 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 
Boy Scouts of America SECS T33S R66E 21 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 1.0 
===============================================------------=------==----=--=----------------========----=-=-=====================================------

••• Total Nevada Supplemental Tabulation••• 3/ 0.1 0.0 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.0 

1/ Calculated from monthly power records and power-discharge measurements where available, otherwise from power-discharge rate. 
21 Reported annual total only, distributed monthly according to nearby users. 
3/ Totals rounded to the nearest whole number. 
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RECORDS OF RELEASES OF MAINSTREAM WATER PURSUANT TO 

ORDERS BUT NOT DIVERTED BY PARTY ORDERING SAME 

AND QUANTITY OF SUCH WATER DELIVERED TO MEXICO IN 

SATISFACTION OF MEXICAN TREATY OR DIVERTED BY OTHERS 

IN ACCORDANCE WITH ARTICLE V(C) OF THE 

DECREE OF THE SUPREME COURT OF 

THE UNITED STATES IN 

ARIZONA v. CALIFORNIA DATED MARCH 9, 1964 

CALENDAR YEAR 2000 

24 



The following tabulations for calendar year 2 000 show records of releases of mainstream water 
pursuant to orders thereto, but not diverted by the party ordering the same, and the quantity 
of such water delivered to-Mexico in satisfaction of the Mexican Treaty or diverted by 9thers 
in satisfaction of decreed rights. Also shown . are quantities of such rejected water 
delivered to Mexico in excess of treaty requirements and quantities delivered to storage. 
The quantities delivered to storage were available to release for future use. 

Water ordered but not diverted was analyzed daily for each diverter as the absolute value of 
the difference between the approved daily order and the mean daily delivery requested on the 
day the diversion was made. The monthly quantities shown on the tabulations are the sum of 
the daily quantities. Final _approval of daily orders was given in advance of the delivery 
date by the amount of time required for water to travel between the storage location and the 
diversion point on the mainstream. To the extent possible, "water ordered but not diverted" 
was delivered to others in satisfaction of their rights. The quantities of such deliveries 
are shown on the tabulation. 

Deliveries of water to Mexico in satisfaction of the Mexican Treaty were scheduled based on 
Mexico's daily orders. Releases from storage were scheduled in sufficient quantities, which 
when added to return flows, would meet Mexico's daily orders. Deliveries of water to Mexico 
in satisfaction of the treaty, therefore, were considered to have been made entirely from 
releases from storage and from return flows scheduled for that purpose and not from water 
ordered but not diverted by other Colorado River wate·r users. Therefore, the tabulations 
show no "water ordered but not diverted" as being delivered to Mexico in satisfaction of the 
treaty. 

To date, no daily orders are received for diversion from the Colorado River in Nevada so no 
sheet is included for Nevada. The storage capacity of Lake Mead is so large in relation to 
the present daily diversions from the reservoir by Nevada that any "water ordered but not 
diverted" would be retained for future use and would have no significant effect on scheduling 
of daily operations of the reservoir. 
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RELEASE OF MAINSTREAM WATER PURSUANT TO ORDERS 
BUT NOT DIVERTED BY PARTY ORDERING SAME 

AND 
QUANTITY OF SUCH WATER DELIVERED TO MEXICO IN SATISFACTION OF MEXICAN TREATY OR DIVERTED BY OTHERS 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

CENTRAL ARIZONA PROJECT, DIVERSION AT LAKE HAVASU 
ORDERED BUT NOT DIVERTED 190 4152 1209 1113 1575 1555 1050 52 105 197 1546 116 12860 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 
DELIVERED TO STORAGE 2/ 190 4152 . 1209 1113 1575 1555 1050 52 105 197 1546 116 12860 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

COLO. RIVER INDIAN RESERVATION, DIVERSION AT HEADGATE ROCK 
ORDERED BUT NOT DIVERTED 264 1182 1767 1484 2723 2283 1031 50 153 962 410 768 130n 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 52 906 968 1198 1273 1803 918 20 111 169 341 768 8527 
DELIVERED TO STORAGE 2/ 212 276 799 286 1450 480 113 30 42 793 69 0 
DELIVERED TO MEXICO iN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

NORTH GILA VALLEY I.D., DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 1506 565 728 758 1801 2267 1946 708 1307 2634 3136 2767 20123 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 532 226 371 345 912 853 974 131 581 448 684 510 6567 
DELIVERED TO STORAGE 2/ 974 339 357 413 889 1414 972 5n 726 2186 2452 'Z257 13556 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

STURGES (WARREN ACT), GILA PROJECT DISTRICTS 
DIVERSION AT IMPERIAL DAM 1/ 

ORDERED BUT NOT DIVERTED 0 0 0 0 0 0 0 0 0 0 0 0 0 

DELIVERED TO MEXICO IN 
SATISFACTION OF TREATY 

DIVERTED BY OTHERS 0 0 0 0 0 0 0 0 0 0 0 0 0 

DELIVERED TO STORAGE 2/ 0 0 0 0 0 0 0 0 0 0 0 0 0 

DELIVERED TO MEXICO IN 
EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

WELLTON-MOHAWK I.& D. DISTRICT, DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 4145 22n 5657 2672 4402 5721 2730 3906 5860 10882 4219 6118 58589 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 1390 442 702 534 1244 992 764 411 1252 1089 619 419 9858 
DELIVERED TO STORAGE 2/ 2755 1835 4955 2138 3158 4729 1966 3495 4608 9793 3600 5699 48731 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 
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RELEASE OF MAINSTREAM WATER PURSUANT TO ORDERS 
BUT NOT DIVERTED BY PARTY ORDERING SAME 

AND 
QUANTITY OF SUCH WATER DELIVERED TO MEXICO IN SATISFACTION OF MEXICAN TREATY OR DIVERTED BY OTHERS 

CALENDAR YEAR 2000 
STATE OF ARIZONA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

YUMA IRRIGATION DISTRICT, DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 324 359 453 92 248 238 249 561 359 1139 629 514 5165 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 38 81 153 52 58 69 69 121 97 133 131 46 1048 
DELIVERED TO STORAGE 2/ 286 278 300 40 190 169 180 440 262 1006 498 468 4117 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

YUMA MESA I.& D. DISTRICT, DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 1579 2438 3398 1n9 2081 2239 2065 3453 1837 3860 1898 2699 29326 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 329 722 1006 724 657 720 960 984 236 159 274 311 7082 
DELIVERED TO STORAGE 2/ 1250 1716 2392 1055 1424 1519 1105 2469 1601 3701 1624 2388 22244 
DELIVERED TO MEXICO IN 

excess OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

UNIT "B" I.& D. DISTRICT, DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 93 169 338 131 250 258 415 615 276 566 240 464 3815 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 4 50 38 18 71 34 115 50 107 26 44 95 652 
DELIVERED TO STORAGE 2/ 89 119 300 113 179 224 300 565 169 540 196 369 3163 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

YUMA COUNTY WATER USERS ASSN., DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 4017 3737 4080 5732 7200 1349 4205 3489 1803 7141 3467 5415 51635 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 1187 2029 1n1 4108 3721 962 2872 1660 869 1932 1902 5415 28428 
DELIVERED TO STORAGE 2/ 2830 1708 2309 1624 3479 387 1333 1829 934 5209 1565 0 23207 
DELIVERED TO MEXIGO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

ARIZONA TOTALS 
ORDERED BUT NOT DIVERTED 12118 14879 17630 13761 20280 15910 13691 12834 11700 27381 15545 18861 194590 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 3532 4456 5009 6979 7936 5433 6672 33n 3253 3956 3995 7564 62162 
DELIVERED TO STORAGE 2/ 8586 10423 12621 6782 12344 104n 7019 9457 8447 23425 11550 11297 132428 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 / No order received. 
2/ Available for future use. 
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RELEASE OF MAINSTREAM WATER PURSUANT TO ORDERS 
BUT NOT DIVERTED BY PARTY ORDERING SAME 

AND 
QUANTITY OF SUCH WATER DELIVERED TO MEXICO IN SATISFACTION OF MEXICAN TREATY OR DIVERTED BY OTHERS 

CALENDAR YEAR 2000 
STATE OF CALIFORNIA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

METROPOLITAN WATER DISTRICT, DIVERSION AT LAKE HAVASU 
ORDERED BUT NOT DIVERTED 375 382 449 2.97 1345 434 409 532 289 704 339 245 5800 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 
DELIVERED TO STORAGE 1/ 375 382 449 2.97 1345 434 409 532 289 704 339 245 5800 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

PALO VERDE IRRIGATION DISTRICT, DIVERSION AT PALO VERDE DAM 
ORDERED BUT NOT DIVERTED 1178 1563 536 634 456 417 516 4027 4661 1817 1519 1876 19200 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 238 1144 357 210 63 363 337 2323 2555 994 976 1876 11436 
DELIVERED TO STORAGE 1/ 940 419 179 424 393 54 179 1704 2108 823 543 0 7764 

DELIVERED TO MEXICO IN 
EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

YUMA PROJECT RESV. DIVISION, DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 2755 1391 1244 1202 3126 1230 1516 2146 1016 2525 2747 3223 24121 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 944 867 62.9 657 1779 984 1123 996 526 879 1432 3223 14039 
DELIVERED TO STORAGE 1/ 1811 524 615 545 1347 246 393 1150 490 1646 1315 0 10082 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

IMPERIAL IRRIGATION DISTRICT, DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 12151 4774 14957 6671 6161 4038 2856 8934 7077 11070 4654 9249 92592 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 2890 343 3463 2.924 1805 2392 1549 2650 2483 1523 1480 9249 32751 

DELIVERED TO STORAGE 1/ 9261 4431 11494 3747 4356 1646 1307 6284 4594 9547 3174 0 59841 

DELIVERED TO MEXICO IN 
EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

COACHELLA VALLEY WATER DIST., DIVERSION AT IMPERIAL DAM 
ORDERED BUT NOT DIVERTED 861 1843 105 331 845 311 218 1311 1368 938 482 1022 9635 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 238 954 20 188 472 214 141 200 559 232 242 1022 4482 
DELIVERED TO STORAGE 1/ 623 889 85 143 373 97 77 1111 809 708 240 0 5153 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 O ·  0 0 0 0 0 0 0 0 0 0 0 
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RELEASE OF MAINSTREAM WATER PURSUANT TO ORDERS 
BUT NOT DIVERTED BY PARTY ORDERING SAME 

AND 
QUANTITY OF SUCH WATER DELIVERED TO MEXICO IN SATISFACTION OF MEXICAN TREATY OR DIVERTED BY OTHERS 

CALENDAR YEAR 2000 
STATE OF CALIFORNIA 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

CALIFORNIA TOTALS 
ORDERED BUT NOT DIVERTED 17320 9953 17291 9135 11933 6430 5515 16950 14411 17054 9741 15615 151348 
DELIVERED TO MEXICO IN 

SATISFACTION OF TREATY 
DIVERTED BY OTHERS 4310 3308 4469 3979 4119 3953 3150 6169 6123 3628 4130 15370 62708 
DELIVERED TO STORAGE 1/ 13010 6645 12822 5156 7814 24n 2365 10781 8288 13426 5611 245 88640 
DELIVERED TO MEXICO IN 

EXCESS OF TREATY 0 0 0 0 0 0 0 0 0 0 0 0 0 

1/ Available for future use. 
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RECORDS OF DELIVERIES TO MEXICO OF-WATER 

IN SATISFACTION OF THE TREATY OF FEBRUARY 3, 1944 

AND WATER PASSING TO MEXICO IN EXCESS OF 

TREATY REQUIREMENTS IN ACCORDANCE WITH 

ARTICLE V{D) OF THE DECREE OF 

THE SUPREME COURT OF THE UNITED STATES 

IN ARIZONA v. CALIFORNIA DATED MARCH 9, 1964 

CALENDAR YEAR 2000 
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DELIVERIES TO MEXICO IN SATISFACTION OF PART Ill OF 1944 TREATY 
AND 

WATER PASSING TO MEXICO IN EXCESS OF TREATY REQUIREMENTS 
CALENDAR YEAR 2000 

08/09/2001 (ACRE-FEET) 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

DELIVERY AT NORTH INTERNATIONAL BOUNDARY 1/ 161143 1 n854 208852 187674 159192 146664 153299 124253 121332 160373 142651 164217 1907504 
DELIVERY AT SOUTH INT. LAND BOUNDARY 10807 9103 9729 11169 11368 10386 10635 9537 10004 13148 12571 11178 129635 
TOTAL DELIVERY IN SATISFACTION OF TREATY 171949 186958 218581 198843 170559 157050 163934 133790 131336 173521 155222 175395 2037138 
TO MEXICO AS SCHEDULED 156991 179548 194570 185874 140916 143402 145643 104679 93141 98737 113473 143026 1700000 

TO MEXICO IN EXCESS OF SCHEDULE 2/ 14958 7410 24011 12969 29643 13648 18291 29111 38195 74784 41749 32369 337138 

WATER BYPASSED PURSUANT TO MINUTE 242 8331 6913 7908 8221 8443 8379 10736 9670 9729 9265 9448 10401 107444 

1/ Includes wasteway deliveries to the River limitrophe in satisfaction of treaty. 
2/ Water that is lost to the United States through releases into the Colorado River above Morelos Dam In excess of Lower Basin delivery orders 

and Mexican Treaty requirements. These excess waters exceed water orders in Mexico and are generally not diverted for beneficial use in 
Mexico. 
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RECORDS OF DIVERSIONS OF WATER FROM THE 

MAINSTREAM OF THE GILA AND SAN FRANCISCO RIVERS 

AND THE CONSUMPTIVE USE OF SUCH WATER, FOR THE BENEFIT 

OF THE GILA NATIONAL FOREST IN ACCORDANCE WITH 

ARTICLE V(E) OF THE DECREE OF 

THE SUPREME COURT OF THE UNITED STATES IN 

ARIZONA v. CALIFORNIA DATED MARCH 9, 1964 

CALENDAR YEAR 2000 
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DIVERSIONS FROM MAINSTREAM OF GILA AND SAN FRANCISCO RIVERS 
AND 

CONSUMPTIVE USE OF SUCH WATER FOR BENEFIT OF THE GILA NATIONAL FOREST 
CALENDAR YEAR 2000 

08/09/2001 (ACRE-FEETI 

WATER USER JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL 

GILA RIVER DIVERSION 0 0 0 0 0 0 0 0 0 0 0 0 0 
CONSUMPTIVE USE 0 0 0 0 0 0 0 0 0 0 0 0 0 

SAN FRANCISCO RIVER DIVERSION 0 0 0 0 0 0 0 0 0 0 0 0 O ·  
CONSUMPTIVE USE 0 0 0 0 0 0 0 0 0 0 0 0 0 
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History of River Work and Maintenance 



 



 
 

 

 

  

 

 

 

1 Appendix R 
2 History of River Work and Maintenance 

3 (Thirty-two strip maps, showing facilities and maintenance, are included in the electronic 
4 version of LCR MSCP Volume IV:  Appendices to Volumes I–III and V.) 

5 R.1 Introduction and Past History 
6 Prior to construction of flood control and storage dams on the lower Colorado River 
7 (LCR), the lower river from the present site of Hoover Dam to Baja California was 
8 typical of a river carrying a heavy sediment load over an alluvial bed.  Before the dams, 
9 the river was actively building up the alluvial valleys by repeated inundation when the 

10 spring snowmelt from the Upper Basin occurred.  Each annual flood caused the river to 
11 meander across the alluvial valleys, cutting and depositing material in classical river 
12 meander patterns.  During the ebb of the flood the river typically deposited a remainder 
13 of its sediment load on the valley floor. 

14 The dams impounded the heavy load of sediment the river historically carried down from 
15 the Upper Basin, and significantly reduced the flood flows that carried most of the 
16 sediment through the system.  The clear water released from the dams entered the 
17 channel practically free of sediment and immediately began acquiring a new sediment 
18 load.  The dams caused the residual coarse sediment in the river to be redistributed with 
19 the result that farther downstream, below each dam, the quantity of sediment was 
20 sufficient that the river continued the natural process of meanders and aggradation. 

21 Although river maintenance work started near Yuma, Arizona, prior to 1925, Congress 
22 did not pass the Colorado River Front Work and Levee System Act until March 3, 1925.  
23 The present authority under which Reclamation operates the Colorado River Front Work 
24 and Levee System is the act of June 28, 1946.  This act authorized appropriations for 
25 controlling the floods, improving navigation, maintaining the banks of the Colorado 
26 River, dredging and straightening the river channel, and conducting studies necessary to 
27 fulfill the foregoing objectives. 

28 The physical control and training of the LCR have generally been accomplished by the 
29 construction of the system of levees, river realignment, and river control structures.  
30 River control structures include bank line reinforcement, riprap, jetties, and training 
31 structures.  Dredging activities have been used for channel realignment, development of 
32 material for levee construction, sediment control, and environmental enhancement. 
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  History of River Work and Maintenance 

 

1 Reclamation’s Yuma Area Office (YAO) is responsible for maintenance of the Colorado 
2 River from the southerly international boundary (SIB) to Davis Dam, which is 
3 approximately 276 river miles.  Each year YAO performs an inspection of the Colorado 
4 River and identifies bankline areas, levees, and river structures that require maintenance 
5 (Table R-1).  For this ongoing maintenance activity on the river and levees, YAO has an 
6 annual need of 60,000 cubic yards or more of riprap and 20,000 cubic yards or more of 
7 gravel per year.  See chapter two for bank and levee maintenance needs.  Normally  
8 Reclamation crews perform the maintenance by hauling and placing the riprap on the 
9 banklines and levees.  Reclamation endeavors to locate the quarry sites within 

10 economical haul distances from the stockpile sites. 

11 Table R-1.  Miles of Levee and Bank Line per Maintenance Division (south to north) of 
12 the Lower Colorado River 

 Levee Bank Line

1.  Limitrophe Division RM  00 to RM  22.1   

A. Limitrophe  Levee 22.1  

B.  Limitrophe Bank Line  4.0 

2.  Yuma Division RM 22.1 to RM 43.2   

A. South Gila  Levee 3.7  

B.  Upper Yuma Valley Levee Arizona 7.9  

C. California Upper Reservation 11.4   

D.  California Lower Reservation  4.2  

E.  California Bank Line  6.5 

3.  Laguna Division RM 43.2 to  RM 49.2   

A. Arizona  Bank  Line  4.73 

B.  California Bank Line  4.73 

4.  Cibola Division  RM 87.3  to RM  106.5   

A. Arizona  Levee  14.4  

B. Arizona  Bank  Line  16.25 

C. California Levee 14.8  

D.  California Bank Line  18 

5.  Palo Verde Division  RM 106.5 to  RM 133.8    

A. Arizona  Bank  Line  22 

B.  California Bank Line  22 

C. California Levee 2  

6.  Parker Division RM  1 33.8 to RM 177.9   

A. Arizona  Bank  Line  12.2 

B.  California Bank Line  12.95 
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 Levee Bank Line

7.  Mohave Division RM 233.9 to RM  276   

A.  Arizona Mohave Levee 25.4  

B. Arizona  Bank  Line  20.6 

C.  California Bank Line  13.75 

D.  Mohave Levee Nevada 7.9  

E.  Mohave Bank Line Nevada  9.75 

Total 113.8 167.46

RM = river mile. 
1  

2 With the exception of bankline work in the Yuma and Limitrophe Divisions, most needed 
3 levees and banklines along the LCR are in place, and future work will not require the 
4 construction of new structures.  Future work will only include periodic structure repair 
5 and stockpile replenishment as required to compensate for material that has been used for 
6 routine maintenance requirements and to repair flood damage.  The annual amount of 
7 material needed may vary.  The anticipated annual average need is 80,000 cubic yards of 
8 gravel and rock originally  removed from quarries along the river. 

9 Material used for routine maintenance activities and to repair flood damaged structures 
10 can be obtained from approximately 45 existing material stockpile sites.  These sites are 
11 located along the lower river from near Davis Darn to the SIB.  Material from any of 
12 these stockpiles may be used to repair flood damaged structures.  The anticipated 
13 80,000 cubic yards of material needed to annually replenish these stockpiles may  be 
14 obtained from  any of the existing quarries. 

15 The first dredging on the Colorado River system occurred in the Yuma area in the early  
16 1900s, and during the following 40  years incidental channel improvements were effected 
17 to correct local problem areas.  Dredging is by  definition the excavation of material under 
18 water, and the first machines were essentially  of the dragline or bucket type. 

19 The Bureau of Reclamation acquired the 16” hydraulic suction dredge “Colorado” in 
20 1949.  Work  began in the Mohave Valley area to alleviate the flooding problem at 
21 Needles and was extended upstream to stabilize the meandering channel alignment.  
22 Subsequently, the dredge “Colorado” was moved to the Blythe area in the southern Palo 
23 Verde valley  where it accomplished the channel realignment known as the Cibola Cut.  
24 The “Colorado” was then dismantled and replaced with 12” hydraulic suction dredges 
25 which are better sized for the scope and nature of the maintenance dredging and the 
26 remaining improvement projects.  The present and foreseeable dredging program is 
27 described later in the sections pertinent to specific river maintenance divisions. 

28 The Colorado River system has approximately 50 backwaters that would benefit from  
29 dredging and other physical renovation.   The Back Water Subcommittee of the Lower 
30 Colorado River Coordinating Committee is presently  prioritizing a list.  Reclamation is 
31 prepared to provide dredging to those backwaters on a cost-shared basis. 
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  History of River Work and Maintenance 

 

1 R.2 Major Activities Along the Lower Colorado 
2 River 
3 For administrative purposes the LCR has been divided into maintenance divisions that are 
4 roughly determined by different physical characteristics.  The following discussions are 
5 indexed according to those divisions.  The location of most of the river maintenance 
6 features is shown on the 32 strip drawings that follow this text.  The drawings should be 
7 referenced when reading this appendix and corresponding river operation and 
8 maintenance sections of chapter two of the biological assessment. 

9 R.2.1 Mohave Valley Division 
10 The Mohave Valley Division is located between Davis Dam  and the Topock Gorge.  It is 
11 the northernmost of the ten divisions organized under the Colorado River Management 
12 Program.  It includes the Cities of Laughlin, Nevada, Bullhead City, Arizona, and 
13 Needles, California. 

14 Hoover Dam  significantly reduced the annual floods that purged the LCR, however, 
15 flows were still large enough for scour and developed sediment to remain significant.  
16 Subsequent deposition of the sediment in the headwater delta area of Lake Havasu above 
17 Parker Dam,  created a problem of severe aggradation in the lower Mohave Valley.  At 
18 Topock, deterioration of the channel induced more deposition, and by 1943, sandbars 
19 extended across the entire channel causing water levels upstream to rise and cause serious 
20 flooding at Needles.  Although emergency protective works were undertaken, 
21 channelizing the river was the only  permanent solution.  Channel stabilization was 
22 initiated in 1949 with the dredging of an improved channel between Needles and Topock 
23 and the river was diverted into the new channel on June 25, 1951.  To prevent the same 
24 aggradation process from repeating itself, the Topock Desilting Basin was constructed in 
25 order to reduce the flow of sediment into Topock Gorge.  This work and associated levee 
26 construction eliminated the immediate flood threat to Needles.  However, it did not, by  
27 itself, provide the river stability between Davis Dam and Topock, which was needed to 
28 assure that the problem would not recur. 

29 Channel dredging, levee construction, and associated bankline stabilization work, which 
30 reduced the pickup and transport of sediment, were subsequently accomplished upstream  
31 from  Needles to a point 10  miles below Davis Dam.  The continuous dredging in the 
32 Topock Desilting Basin was suspended in 1982 due to the gradual reduction of the 
33 sediment loads being scoured from the river as the bottom  material coarsened and the 
34 river approached a steady regime level.  Reclamation continues to monitor the sediment 
35 transport and river conditions.  Dredging has continued in the basin since 1982 on an 
36 intermittent basis, and it is likely that maintenance dredging will be needed in the future. 

37 Related work for the improvement of fish and wildlife habitats and recreational features 
38 has also been provided.  Topock Marsh, which owes its existence to the completion of 
39 Parker Dam  and the subsequent filling of Lake Havasu in 1938, has been encompassed 
40 with a dike to maintain water levels at an  elevation of 455 feet mean sea level (msl).  At 
41 this level, approximately 4,000 acres of open water are available for fisheries and wildlife 
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1 management.  Inlet and outlet structures were constructed by Reclamation to control 
2 water apportioned to the Havasu National Wildlife Refuge.  The high flows of 1983 and  
3 1984 flooded parts of the Mohave Valley above Topock Marsh.  As a result, a new flood 
4 control structure, Topock South Levee, was constructed in order to prevent mainstem  
5 floodwater from backing into Topock Marsh.  At the same time, revegetation, water 
6 control structures, and aquatic habitat development were designed to enhance fish and 
7 wildlife conditions.  Reclamation also participated in the development of the Needles 
8 Marina and Park Moabi near Topock.  Beal Slough, a 30 acre backwater in the latter 
9 stages of succession, was dredged by Reclamation in 1979 and 1980 as a part of a 

10 cooperative study  project aimed at fish and wildlife benefits. 

11 R.2.2 Topock Gorge Division 
12 The Topock Gorge Division extends from the upper end of Topock Gorge to the upper 
13 end of Lake Havasu.  Minimal maintenance work has been conducted in this Division in  
14 the past, due to the natural channel configuration and substrate, which consists of a deep 
15 channel bounded by  high canyon walls.  These are broken to form various small 
16 backwater wetlands.  This division is entirely within the Havasu National Wildlife 
17 Refuge. 

18 R.2.3 Havasu Division (including Parker Strip) 
19 The Havasu Division includes all of Lake Havasu and the river between Parker and 
20 Headgate Rock Dams.  The effects of the high flows on the river are marked in this 
21 division by sediment deposition in the upper end of Lake Havasu.  The high flows of 
22 1983 and 1984 deposited 10 million cubic yards of river sediment and extended the 
23 existing delta. 

24 The water level in Lake Havasu fluctuates between 440 to 450 feet msl in accordance 
25 with the Parker Dam operating criteria, although for practical purposes, the lake elevation 
26 has been maintained above 445 feet msl for the last 15  years.  During a flood, a potential 
27 surcharge to elevation 455 feet msl may develop. 

28 In the Parker Dam to Headgate Rock Dam  reach, an area commonly known as the Parker 
29 Strip, water levels are determined by discharge from  Parker Dam  and the backwater 
30 effect from  Headgate Rock Dam.  General channel stabilization activities are minimal 
31 due to the channel and bankline substrate.  Most stabilization activities in this reach are 
32 conducted by entities other than Reclamation to protect local facilities. 

33 This division  is the most intensely developed area for recreation along the river.  The 
34 Parker Strip has been heavily developed for recreation purposes, and in recent years 
35 thousands of people have visited Lake Havasu to boat and water ski.  Flood releases of 
36 40,000 cubic feet per second (cfs) from Parker Dam in 1983 caused damage to homes and 
37 businesses with river frontage in the Parker Strip.  Currently, releases in excess of  
38 20,000 cfs begin to effect damage to improvements along the banks of the Parker Strip. 
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1 R.2.4 Parker Division  
2 The Parker Division is located between Headgate Rock and Palo Verde Diversion Dams, 
3 and encompasses most of the lands of the CRIT’ Reservation.  It is divided into two 
4 sections, Parker I & II, for better administration of the division.  Parker I begins at 
5 Headgate Rock Dam and ends 2 miles south of Agnes-Wilson Bridge.  Parker II starts at 
6 river mile (RM) 163.3 and extends to RM 133.8, at Palo Verde Diversion Dam.  

7 The channel improvement work in Parker I was completed by 1967.  The major aspects 
8 of the Parker II channel improvement and stabilization work was completed in early  
9 1995.  During the next few years, as the river adjusts to the channel improvements, minor 

10 corrective work may be required. 

11 No Name Lake is a backwater area located in the Parker II Division.  Approximately  
12 1,200,000 cubic yards of material are to be excavated and placed in the designated areas 
13 to restore the Lake to pre-1983 conditions.  This is a portion of the mitigation for the 
14 Parker II Channel Modification Project. 

15 Other potential marsh and aquatic enhancement in this division includes the rehabilitation 
16 of the Deer Island complex and a large lake and marsh in the Parker I area. 

17 R.2.5 Palo Verde Division 
18 The division  begins at the Palo Verde Diversion Dam and extends to Taylor Ferry near 
19 the Imperial County, California line.  Channel stabilization and other improvements are 
20 essentially complete in the Palo Verde Division and work primarily  consists of routine 
21 maintenance and repair to structures.  Previous work in this area consisted of earth fill 
22 training structures and bank protective riprap designed to prevent random  meandering. 

23 Reclamation maintains 5 mitigation backwaters in this Division.  The frequency of 
24 maintenance is determined by events that  may cause the backwaters to fill in due to  
25 sediment, or other factors. 

26 R.2.6 Cibola Division  
27 The Cibola Division extends 19 miles from the lower end of the Palo Verde Division to 
28 Adobe Ruin, near Walter’s Camp.  Through much of the Cibola Division, the natural 
29 channel was shallow due to sediment deposition.  A program to correct channel 
30 deficiencies by dredging and constructing levees was initiated in 1964 and completed in 
31 1970.  The old river channel was essentially abandoned and became a part of the Palo 
32 Verde outfall drain.  The river channel in this division is totally stabilized through the use 
33 of dredging, bankline riprap, training structures and jetties. 

34 Three Finger Lake is a decadent wetland located on the old river channel and within the 
35 Cibola National Wildlife Refuge south of Blythe, California.  Approximately  
36 800,000 cubic yards of material have been excavated and placed adjacent to the design 
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1 lake configuration to restore the lake to its historic conditions.  This is a cost-shared effort 
2 with the U.S. Fish and Wildlife Service. 

3 R.2.7 Imperial Division 
4 The waters behind Imperial Dam, including associated backwater areas constitute the 
5 Imperial Division.  The division extends through the reach from the lower Cibola Valley,  
6 to Imperial Dam.  This division receives the sediment generated in the Parker, Palo 
7 Verde, and Cibola Divisions.  The sediment load arriving in the Imperial Division is 
8 either deposited in the overflow areas outside of the main channel or eventually arrives at 
9 Imperial Dam to be removed in the desilting works and the reservoir located directly  

10 upstream of the dam.  

11 In planning for the Parker, Palo Verde, and Cibola Divisions, reducing the sediment 
12 flowing into the Imperial Division was a major objective.  Reclamation continually 
13 collects and processes data on sediment transported by the river.  This allows needs to be 
14 defined, appropriate corrective measures to be instituted, and the results of control 
15 measures to be adequately  evaluated. 

16 Most of the diverted sediment is removed by the Desilting Works for the All-American 
17 Canal, returned to the river below Imperial Dam  and dredged to permanent dry land 
18 storage areas near the Laguna Desilting Basin, located about 1 mile above Laguna Dam.   
19 The desilting works for the Gila Gravity  Canal are maintained periodically, by sluicing 
20 sediment accumulations down to the Laguna Desilting Basin for removal by dredging. 

21 Dredging above Imperial Dam is conducted periodically to maintain diversions for water 
22 demand into the All-American Canal on the west end of the dam and the Gila Gravity 
23 Main Canal on the east end.  At an interval as short as 3 to 5 years, between 800,000 and 
24 1,500,000 cubic yards of sediment are removed from the reservoir basin up stream of 
25 Imperial Dam.  It takes approximately 6 months to 1 year to remove sediment from this 
26 area.  Dredging is performed upstream  of the All-American Canal headworks, the 
27 California sluice gates, the overflow weir, the gravity  main canal headgates, and the 
28 Arizona and California channels just upstream of the dam face.  Sediment is dredge-
29 pumped into the river channel below the dam for transportation to the Laguna Desilting 
30 Basin. 

31 R.2.8 Laguna Division 
32 The Laguna Division includes the area between Imperial and Laguna Dams.  The Laguna 
33 Division receives the sediment returned from the All-American Canal Desilting Works 
34 and removed from the reservoir upstream of Imperial Dam and Laguna Dam.  Because 
35 this sediment traveled downstream  and created problems associated with 1944 Water 
36 Treaty diversions at Morelos Diversion Dam, in the mid 1960s, Reclamation constructed 
37 a desilting basin in the Laguna Division where sediment from upstream  sources is  
38 trapped and pumped with a dredge for disposal onto adjacent dry land. 
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1 The time span between dredging depends on the sediment load.  Under the present 
2 forecasts it appears the work may be scheduled at 5-year intervals.  The desilting basin is 
3 approximately 4,000 feet long by 500 feet wide and is normally excavated to a depth of 
4 about 25 feet.  The total capacity is approximately 2 million cubic yards.  Working a two-
5 shift schedule it takes approximately 12  months to excavate the basin when it is half full.  
6 It is necessary to keep the basin at about half capacity or less, since the trap efficiency  
7 (ability to capture sediment) drops off dramatically as it passes the half-way point.  It is 
8 noted that the basin is to be extended to 5,000 feet in fiscal year (FY) 2004. 

9 Included within this division is Mittry Lake, a shallow lake east of the Colorado River 
10 channel and north of Laguna Dam.  The lake has a surface area of approximately  
11 750 acres and is fed by an in let structure originating at the head works of the Gila  
12 Gravity Main Canal. 

13 R.2.9 Yuma Division  
14 The Yuma Division is the reach of the river located between Laguna Dam and Morelos 
15 Diversion Dam.  The river channel extending from Laguna Dam to the upper end of the 
16 diversion pool above Morelos Diversion Dam  was formed by the undiminished natural 
17 flow of the river before the dams were constructed.  This dominant flow, the flood flows 
18 most affecting the channel shape, averaged about 20,000 cfs with maximum flows in the 
19 early 1900s exceeding 200,000 cfs, depending upon the time of year and location within 
20 the division.  While the historic riverbed averages 600 feet in width, only about 120 feet 
21 is presently occupied by river flows.  The remaining portions of the riverbed, at or near 
22 the elevation of ground water, support various growths of vegetation: cattails, cane, 
23 arrowweed, saltcedar, mesquite, cottonwood, etc.  In the past, vegetation affecting flow 
24 and access was partially controlled by intermittent programs of mechanical vegetative 
25 control:  mowing or cultivating.  Presently, there are no plans to continue this type of 
26 maintenance.  

27 A 1969 plan for this division called for renovation of the low-flow channel by  dredging, 
28 reshaping, and lowering the water table under the remainder of the riverbed, and 
29 instituting a program of vegetative control.  After completing most of the work in the 
30 upper 6 of the 20 miles of river channel in the division, the work was suspended pending 
31 resolution of environmental concerns.  These concerns were met by  dredging the area that 
32 is currently the open water in Mittry Lake.  Prior to that, little open water existed.  The 
33 lake is now heavily  used for fishing. 

34 During the high flows of 1983-1984 the channelization work was destroyed, and the river 
35 attacked the levees in several places, which resulted in emergency  maintenance.  The 
36 whole floodplain was essentially inundated, and farm  drainage was severely affected. 

37 The 1993 Gila River flood deposited 10 million cubic yards of sediment in the Colorado 
38 River channel from the confluence of the Gila River to Morelos Diversion Dam and 
39 raised the river bottom an average of about 5 feet.  This has resulted in complaints from  
40 local farmers that the elevated river bottom resulted in groundwater problems under their 
41 cultivated lands.  Mexico has also complained that the sediment deposition was making 
42 their diversion of 1944 Water Treaty water at Morelos Diversion Dam  more difficult. 
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1 Due to the flooding of the Gila River in 1993 and high water releases from Painted Rock 
2 Darn in 1995, dredging was performed under separate Endangered Species Act 
3 compliance from Morelos Diversion Dam to the northerly  international boundary (NIB) 
4 in 1995.  The Morelos Diversion Dam to Cocopah Bend reach was dredged in 2000.  In 
5 all a total of two million cubic yards of sediment was removed, still leaving about 
6 8 million cubic yards in the river channel immediately up stream.  The sediment that was 
7 removed increased the capacity of the river channel to help prevent overtopping the 
8 levees during large floods and to lower the water table in the Yuma Valley.  

9 Dredging of the river channel between the NIB and Cocopah Bend is expected to occur 
10 every 5 to 10 years.  The purpose of the dredging is to maintain a flow capacity in the 
11 river channel of 15,000 to 20,000 cfs. 

12 R.2.10 Limitrophe Division 
13 The Limitrophe Division extends from  Morelos Diversion Dam near Yuma, Arizona, to 
14 the SIB near San Luis, Arizona.  The river channel in this division is essentially  dry  
15 during normal water years, due to the diversion of 1944 Water Treaty water for Mexico at 
16 Morelos Diversion Dam.  Also, considerable sediment was deposited in this reach of the 
17 river during the 1993 Gila River flooding.  The United States and Mexican Sections of 
18 the International Boundary & Water Commission (IBWC) are currently working on plans 
19 to reestablish the international boundary, a low-flow river channel, and a floodway 
20 capacity capable of handling flood flows similar to those that occurred during the 1983– 
21 1985 period,  and again in 1993.  Severe property  damage occurred to Mexico during 
22 those events.  This international work will have its own Federal Endangered Species Act 
23 (ESA) compliance separate from the LCR MSCP coverage. 
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1 Appendix T 
2 List of Common Names and Scientific Names for 
3 Plants and Wildlife Mentioned in the Text 

4 T.1 Wildlife Species  
5 (alphabetized by scientific name) 

Scientific Name   Common Name 

Athene cunicularia Burrowing owl 

Athene cunicularia floridana Florida burrowing owl  

Athene cunicularia hypugaea  Western burrowing owl  

Bothriocephalus acheilognathi  Asian tapeworm 

Bufo alvarius  Colorado river toad 

Canis latrans Coyote 

Catostomus latipinnis Flannelmouth sucker 

(Ceratopogonidae) Biting midge larvae 

Chaetodipus penicillatus sobrinus  Desert pocket mouse 

Charadrius montanus  Mountain plover  

Chironomidae Midge larvae 

Coccyzus americanus occidentalis Western yellow-billed cuckoo  

Colaptes chrysoides Gilded flicker 

Corynorhinus townsendii Pale Townsend’s big-eared bat  

Cyprinodon macularius Desert pupfish 

Cyprinus carpio  Common carp  

Dendroica petechia sono rana  Sonoran yellow warbler 

Dolichopodidae Fly larvae 

Empidonax traillii extimus  Southwestern willow flycatcher  

Gammarus spp.  Freshwater amphipod 

Gila cipha Humpback  chub  
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Scientific Name   Common Name 

Gila elegans Bonytail 

Gila robusta  Roundtail chub 

Gila seminuda Virgin River chub  

Gopherus agassizii Desert tortoise 

Haliaeetus leucocephalus Bald eagle 

Ictalurus melas Black bullhead 

Ictalurus punctatus  Channel catfish  

Ixobrychus exilis hesperis Western least bittern  

Lasiurus blossevillii Western (desert) red bat 

Lasiurus borealis Eastern red bat  

Lasiurus ega Southern yellow bat  

Lasiurus xanthinus Western yellow bat 

Laterallus jamaicensis coturniculus  California black rail  

Lepomis cyanellus  Green sunfish 

Lernaea cyprinacea Anchorworm  

Macrotus californicus  California leaf-nosed bat  

Meda fulgida Spikedace 

Melanerpes uropygialis  Gila woodpecker 

Micrathene whitneyi Elf owl 

Micropterus salmoides  Largemouth bass 

Molothrus ater  Brown-headed cowbird  

Notropis lutrensis Red shiner 

Oncorhynchus mykiss Rainbow trout  

Pelecanus occidentalis California brown pelican  

Phocaena sinus Vaquita 

Pholisora alpheus Saltbush sootywinged skipper  

Pholisora gracielae MacNeil’ssootywinged skipper  

Phyrnosoma mcalli  Flat-tailed horned lizard 

Pimephales promelas  Fathead minnow 

Piranga rubra Summer tanager 

Plagopterus argentissimus Woundfin  

Poeciliopsis occidentalis Gila topminnow 

Ptychocheilus lucius Colorado pikeminnow 

Pyrocephalus rubinus Vermilion flycatcher 
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  List of Common Names and Scientific Names for  
Plants and Wildlife Mentioned in the Text 

 

Scientific Name   Common Name 

Rallus longirostris yumanensis Yuma clapper rail 

Rana berlandieri  Rio Grande leopard frog  

Rana catesbeiana Bullfrog  

Rana onca  Relict leopard  frog  

Rana yavapaiensis  Lowland leopard frog  

Richardsonius balteatus Redside shiner 

Salmo trutta  Brown trout  

Sigmodon arizonae plenus Colorado river cotton rat  

Sigmodon hispidus eremicus Yuma hispid cotton rat 

Simuliids  Black flies 

Spermophilus beecheyi  California ground squirrel  

Sturnis vulgaris European starling 

Tiaroga cobitis Loach minnow  

Totoaba macdonaldi Totoaba 

Urocyon cinereoargenteus Gray fox 

Veromessor spp. and Pogonomyrmex spp. Harvester ant 

Vireo bellii arizonae Arizona  Bell’s vireo 

Vulpes vulpes Red fox 

Xyrauchen texanus Razorback sucker 
1  

2 T.2 Wildlife Species  
3 (alphabetized by common name) 

Common Name Scientific Name   

Anchorworm  Lernaea cyprinacea 

Arizona Bell’s vireo Vireo bellii arizonae  

Asian tapeworm Bothriocephalus acheilognathi  

Bald eagle Haliaeetus leucocephalus 

Biting midge larvae (Ceratopogonidae) 

Black bullhead Ictalurus melas 

Black flies Simuliids  

Bonytail Gila elegans 

Brown-headed cowbird  Molothrus ater  
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  List of Common Names and Scientific Names for  
Plants and Wildlife Mentioned in the Text 

 

Common Name Scientific Name   

Brown trout  Salmo trutta  

Bullfrog  Rana catesbeiana 

Burrowing owl Athene cunicularia 

California black rail  Laterallus jamaicensis coturniculus  

California brown pelican  Pelecanus occidentalis 

California ground squirrel  Spermophilus beecheyi  

California leaf-nosed bat  Macrotus californicus  

Channel catfish  Ictalurus punctatus  

Colorado pikeminnow Ptychocheilus lucius 

Colorado river cotton rat  Sigmodon arizonae plenus 

Colorado river toad Bufo alvarius  

Common carp  Cyprinus carpio  

Coyote Canis latrans 

Desert pupfish Cyprinodon macularius 

Desert pocket mouse Chaetodipus penicillatus sobrinus  

Desert tortoise Gopherus agassizii  

Eastern red bat  Lasiurus borealis 

Elf owl Micrathene whitneyi 

European starling Sturnis vulgaris  

Fathead minnow Pimephales promelas  

Flannelmouth sucker Catostomus latipinnis 

Flat-tailed horned lizard Phyrnosoma mcalli  

Florida burrowing owl  Athene cunicularia floridana 

Fly larvae Dolichopodidae  

Freshwater amphipod Gammarus spp.  

Gila woodpecker Melanerpes uropygialis  

Gila topminnow Poeciliopsis occidentalis  

Gilded flicker Colaptes chrysoides 

Gray fox Urocyon cinereoargenteus 

Green sunfish Lepomis cyanellus  

Harvester ant Veromessor spp. and Pogonomyrmex spp.  

Humpback chub  Gila cipha  

Largemouth bass Micropterus salmoides  

Loach minnow  Tiaroga cobitis  
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  List of Common Names and Scientific Names for  
Plants and Wildlife Mentioned in the Text 

 

Common Name Scientific Name   

Lowland leopard frog  Rana yavapaiensis  

MacNeil’ssootywinged skipper  Pholisora gracielae 

Midge larvae Chironomidae  

Mountain plover  Charadrius montanus  

Pale Townsend’s big-eared bat  Corynorhinus townsendii 

Rainbow trout  Oncorhynchus mykiss 

Razorback sucker Xyrauchen texanus 

Red fox Vulpes vulpes 

Red shiner Notropis lutrensis 

Redside shiner Richardsonius balteatus 

Relict leopard  frog  Rana onca  

Rio Grande leopard frog  Rana berlandieri  

Roundtail chub Gila robusta  

Saltbush sootywinged skipper  Pholisora alpheus 

Sonoran yellow warbler Dendroica petechia sono rana  

Southern yellow bat  Lasiurus ega 

Southwestern willow flycatcher  Empidonax traillii extimus  

Spikedace Meda fulgida  

Summer tanager Piranga rubra  

Totoaba Totoaba macdonaldi  

Vaquita Phocaena sinus  

Vermilion flycatcher Pyrocephalus rubinus  

Virgin River chub  Gila seminuda 

Western burrowing owl  Athene cunicularia hypugaea  

Western least bittern  Ixobrychus exilis hesperis 

Western (desert) red bat Lasiurus blossevillii 

Western yellow bat Lasiurus xanthinus 

Western yellow-billed cuckoo  Coccyzus americanus occidentalis 

Woundfin  Plagopterus argentissimus 

Yuma clapper rail Rallus longirostris yumanensis 

Yuma hispid cotton rat Sigmodon hispidus eremicus 
1  
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  List of Common Names and Scientific Names for  
Plants and Wildlife Mentioned in the Text 

 

1 T.3 Plant Species  
2 (alphabetized by scientific name) 

Scientific Name   Common Name 

Allenrolfea occidentalis  Iodine bush  

Arundo donax Giant reed 

Astragalus geyeri var.  triquetrus  Threecorner Milkvetch  

Atriplex canescens Fourwing saltbush 

Atriplex lentiformis Quail bush  

Atriplex polycarpa Allscale 

Baccharis salicifolia  Mulefat 

Bebbia juncea  Sweet bush 

Brassica tournefortii Sahara mustard 

Carnegia gigantean Saguaro 

Celtis spp. Hackberry  

Cladophora  spp.  Cladophora  

Coleogyne ramosissima Blackbrush 

Cynodon spp. Bermuda grass  

Eriogonum viscidulum  Sticky buckwheat 

Grayia spinosa Hop-sage 

Gutierrezia spp.  Matchweed 

Heliotropium curassavicum Heliotrope  

Larrea tridentata Creosote  bush  

Lycium spp.  Wolfberry  

Medicago sativa  Alfalfa 

Penstemon albomarginatus White-margined beardtongue  

Phragmites australis Common reed  

Phragmites communis Common reed  

Platanus  spp. Sycamore  

Pluchea spp. Arrowweed 

Polygonum  spp. Knotweed,  smartweed 

Pontederia spp. Pickerelweed 

Populus fremontii Cottonwood 

Prosopis spp. Mesquite  

Prosopsis glandulosa var. torreyana Honey mesquite  

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program T-6  
Final Appendices to Volumes I–III and V J&S 00450.00 

 

http:00450.00


  List of Common Names and Scientific Names for  
Plants and Wildlife Mentioned in the Text 

 

Scientific Name   Common Name 

Prosopsis pubescens Screwbean mesquite  

Salix gooddingii Goodding  willow 

Salsola tragus Russian thistle 

Salvinia molesta Giant salvinia 

Scirpus americanus Three-square bulrush 

Scirpus californicus  Giant bulrush; California bulrush 

Scirpus olneyi  Olney  bulrush; water bulrush  

Scirpus spp.  Bulrush; tule 

Suaeda torreyana Inkweed 

Tamarix aphylla  Athel; athel tree 

Tamarix chinensis  Saltcedar; five-stamen tamarisk; Chinese tamarisk  

Tamarix parviflora  Saltcedar; smallflower tamarisk  

Tamarix ramosissima Saltcedar; tamarisk  

Typha spp. Cattail 
1  

2 T.4 Plant Species  
3 (alphabetized by common name) 

Common Name Scientific Name   

Alfalfa Medicago sativa  

Allscale Atriplex polycarpa 

Arrowweed Pluchea spp.  

Athel; athel tree Tamarix aphylla  

Bermuda grass  Cynodon spp. 

Blackbrush   Coleogyne ramosissima  

Bulrush; tule Scirpus spp.  

Cattail Typha spp. 

Cladophora  Cladophora  spp.  

Common reed  Phragmites communis  

Common reed  Phragmites australis 

Cottonwood Populus fremontii  

Creosote bush  Larrea tridentata  

Fourwing saltbush Atriplex canescens 

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program T-7  
Final Appendices to Volumes I–III and V J&S 00450.00 

 

http:00450.00


  List of Common Names and Scientific Names for  
Plants and Wildlife Mentioned in the Text 

 

Common Name Scientific Name   

Giant bulrush; California bulrush Scirpus californicus  

Giant reed Arundo donax 

Giant salvinia Salvinia molesta 

Goodding willow Salix gooddingii  

Hackberry Celtis spp. 

Heliotrope  Heliotropium curassavicum 

Honey mesquite  Prosopsis glandulosa var. torreyana 

Hop-sage Grayia spinosa  

Inkweed Suaeda torreyana 

Iodine bush  Allenrolfea occidentalis  

Knotweed; smartweed Polygonum  spp.  

Matchweed Gutierrezia spp.  

Mesquite Prosopis spp. 

Mulefat Baccharis salicifolia  

Olney  bulrush; water bulrush  Scirpus olneyi  

Pickerelweed   Pontederia spp.  

Quail bush  Atriplex lentiformis 

Russian thistle   Salsola tragus  

Saguaro Carnegia gigantean  

Sahara mustard Brassica tournefortii  

Saltcedar; five-stamen tamarisk; Chinese tamarisk  Tamarix chinensis  

Saltcedar; smallflower tamarisk  Tamarix parviflora  

Saltcedar; tamarisk  Tamarix ramosissima 

Screwbean mesquite  Prosopsis pubescens 

Sticky Buckwheat Eriogonum viscidulum  

Sweet bush Bebbia juncea  

Sycamore Platanus  spp.  

Threecorner milkvetch  Astragalus geyeri var.  triquetrus  

Three-square bulrush   Scirpus americanus  

White-margined beardtongue  Penstemon albomarginatus  

Wolfberry  Lycium spp.  
1  
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1 Appendix U 
2 Acronyms and Abbreviations  
3 Used in the LCR MSCP HCP and BA 

4 1944 Water Treaty Utilization of Waters of the Colorado and Tijuana Rivers and of 
5 the Rio Grande—Treaty between the United States of America 
6 and Mexico, dated February 3, 1944 
7 1997 BO  USFWS final biological opinion issued in 1997 
8 (U.S. Fish and Wildlife Service 1997) 
9 2002 BO  USFWS biological opinion issued in April 2002 

10 (U.S. Fish and Wildlife Service 2002a) 
11 242 Well Field 1944 Water Treaty Minute No. 242 Well Field 
12 AAC All American Canal 
13 ADWR Arizona Department of Water Resources 
14 af acre-feet 
15 afy acre-feet per year 
16 AGFD Arizona Game and Fish Department 
17 AIBS American Institute of Biological Sciences 
18 AMM  avoidance and minimization measure 
19 AOP Annual Operating Plan 
20 Applicants  LCR MSCP Permit Applicants 
21 AWBA Arizona Water Banking Authority 
22 BA  biological assessment 
23 Basin States Arizona, California, Colorado, Nevada, New Mexico, Utah, and 
24 Wyoming 
25 BCOO Boulder Canyon Operation Office 
26 BCPA Boulder Canyon Project Act 
27 BHBF Beach/Habitat Building Flows 
28 BIA Bureau of Indian Affairs 
29 BID Bard Irrigation District 
30 BLM  Bureau of Land Management 
31 BMPs  best management practices 
32 BO  biological opinion 
33 BWC Basic Water Company 
34 CAP  Central Arizona Project 
35 CAWCD Central Arizona Water Conservation District 
36 CDFG California Department of Fish and Game 
37 CDs  compact discs 
38 CEQA  California Environmental Quality Act 
39 C.F.R.  Code of Federal Regulations 
40 cfs cubic feet per second 
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  Acronyms and Abbreviations 
Used in the LCR MSCP HCP and BA 

 

1 CMM  conservation area management measure 
2 CRBPA  Colorado River Basin Project Act of 1968 
3 CRFPA  Colorado River Floodway Protection Act of 1986  
4 (Pub. Law No. 99-450) 
5 CRFWLSA  Colorado River Front Work and Levee System Act of 1927   
6 (44 Stat. 1010) 
7 CRIIP  Colorado River Indian Irrigation Project 
8 CRIR  Colorado River Indian Reservation 
9 CRIT  Colorado River Indian Tribes 

10 CROD  contract rates of delivery  
11 CRSS  Colorado River Simulation System  
12 CU  consumptive use 
13 CVWD  Coachella Valley Water District 
14 CY  calendar year 
15 Decree  Supreme Court Decree of 1964 in  Arizona v. California (376  
16 U.S. 340) 
17 DPOCs  drainage pump outlet channels 
18 DRA  Drought Relief Act of 1991 
19 EIR environmental impact report 
20 EIS environmental impact statement 
21 EIS/EIR  environmental impact statement/environmental impact report 
22 EPAMF Energy Planning and Management Program  
23 ESA  Federal Endangered Species Act 
24 ET  evapotranspiration 
25 FAA  Federal Aviation Administration 
26 FEIS  Final Environmental Impact Statement 
27 FEMA  Federal Emergency Management Agency  
28 Field Services  Water Conservation Field Services Program  
29 FMA Funding  and Management Agreement 
30 FR  Federal Register 
31 FWCA  Fish and Wildlife Coordination Act 
32 FY  fiscal year 
33 GCDAMP  Glen Canyon Dam  Adaptive Management Program  
34 GIS  geographic information systems 
35 GPS  global positioning system  
36 HCP  habitat conservation plan 
37 HM IV  honey mesquite type IV 
38 IA  Implementation Agreement 
39 IBWC  International Boundary and Water Commission 
40 IID  Imperial Irrigation District 
41 ISC ROD  Interim Surplus Criteria Record of Decision 
42 ISC Interim Surplus Criteria 
43 ISC/SIA BO  Interim Surplus Criteria and Secretarial Implementation 
44 Agreement 
45 ISG  Interim Surplus Guidelines 
46 JOA  Joint Operating Agreement 
47 JPA  joint participation agreement 
48 kaf  thousand acre-feet 
49 kafy thousand acre-feet per year 
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  Acronyms and Abbreviations 
Used in the LCR MSCP HCP and BA 

 

1 LCR  lower Colorado River 
2 LCRAS  Lower Colorado River Accounting System  
3 LCRRIP  Lower Colorado River Endangered Fish Recovery  
4 Implementation Program  
5 LROC  Criteria for Coordinated Long-Range Operation of Colorado 
6 River Reservoirs pursuant to the Colorado River Basin 
7 Project Act of September 30, 1968 
8 M&I  municipal and industrial 
9 maf  million acre-feet 

10 mafy  million acre-feet per year 
11 MAPS  Monitor Avian Productivity and Survival  
12 MBTA  Migratory Bird Treaty Act 
13 Metropolitan  The Metropolitan Water District of Southern California 
14 MHPA  Multi-Habitat Planning Area  
15 mm  millimeters 
16 MODE  Main Outlet Drain Extension 
17 MRM  monitoring and research measure 
18 MSCP  Multi-Species Conservation Program  
19 MSHCP  multiple species habitat conservation plan 
20 msl  mean sea level 
21 NDOW  Nevada Department of Wildlife 
22 NEPA  National Environmental Policy Act 
23 NFIP  National Flood Insurance Program  
24 NGVD  National Geodetic Vertical Datum  
25 NHPA  National Historic Preservation Act 
26 NIB  Northerly International Boundary  
27 NPS  National Park Service 
28 NRA  National Recreation Area 
29 NWR  National Wildlife Refuge 
30 O&M  operation and maintenance 
31 Ogden  Ogden Environmental and Energy Services Co., Inc. 
32 OM&R  operation, maintenance, and replacement 
33 Opinion  United States Supreme Court, in its opinion entered June 3, 
34 1963, (373 USC 546) in  Arizona v. California  
35 Otay   Otay Water District 
36 P-DP  Parker-Davis Project 
37 PIA  practicably irrigable acres 
38 PIP  public involvement plan 
39 ppm   parts per million 
40 PPRs  present perfected rights 
41 Program Manager LCR MSCP Program Manager 
42 PVID  Palo Verde Irrigation District 
43 QSA  California’s Quantification Settlement Agreement 
44 Reclamation  U.S. Department of the Interior, Bureau of Reclamation 
45 RM  river mile  
46 ROD  record of decision 
47 ROW  rights of way 
48 RP Act  Reclamation Project Act of 1939 
49 RPA  Reasonable and Prudent Alternative 
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  Acronyms and Abbreviations 
Used in the LCR MSCP HCP and BA 

 

1 RRA  Reclamation Reform  Act of October 12, 1982,  
2 Public Law 97-293 
3 RV  recreation vehicle 
4 SCADA  Supervisory Control and Data Acquisition 
5 SDCWA  San Diego County Water Authority  
6 Secretary   Secretary of the Interior 
7 SIA Secretarial Implementation Agreement  
8 SIB  Southerly International Boundary  
9 SIRA  storage and interstate release agreement  

10 SJRRIP  San Juan River Basin Recovery Implementation Program  
11 SNWA  Southern Nevada Water Authority  
12 SNWS  Southern Nevada Water System  
13 Supplemental Decree  1979, 1984 and 2000 U.S.  Supreme Court Supplemental Decree 
14 in Arizona v. California 
15 UCRRP  Upper Colorado River Endangered Fish Recovery Program  
16 USIBWC  United States Section, International Boundary and Water 
17 Commission 
18 U.S.C.  U.S. Code 
19 USFWS  U.S. Fish and Wildlife Service 
20 USGS  United States Geological Survey  
21 Water Control Manual  Water Control Manual for Flood Control, Hoover Dam  and Lake 
22 Mead Colorado River, Nevada and Arizona dated 
23 December 1982 
24 Water Supply Project  Lower Colorado Water Supply Project 
25 WECC  Western Electricity Coordinating Council 
26 Western  Western Area Power Administration 
27 YAWRMG  Yuma Area Water Resource Management Group 
28 YMC Yuma  Mesa Conduit 

 
Lower Colorado River  December 2004 
Multi-Species Conservation Program U-4 
Final Appendices to Volumes I–III and V J&S 00450.00 

 

http:00450.00


 

Appendix V 
Glossary of Terms  

Used in the LCR MSCP HCP and BA 



 



Term Definition 

Adaptive management An interactive process whereby management of species populations and habitat is 
initiated, evaluated, and refined based on monitoring and research results. 

Environmental baseline The environmental baseline includes the past and present impacts of all federal, 
state, or private actions and other human activities in the action area, the 
anticipated impacts of all proposed federal projects in the action area that have 
already undergone formal or early Section 7 consultation, and the impact of state or 
private actions which are contemporaneous with the consultation in process (50 
C.F.R. §402.02).  For the LCR MSCP the action area is the LCR MSCP planning 
area where federal covered activities will be conducted 

Biological Opinion The document that states the opinion of the Service (i.e., USFWS for the LCR 
MSCP) as to whether or not the federal action is likely to jeopardize the continued 
existence of listed species or result in the destruction or adverse modification of 
critical habitat (50 C.F.R. §402.02). 

Connected backwaters Backwaters that have a surface connection to the river, respond directly to changes 
in river water surface elevation, and provide continuity for movement of fish and 
other aquatic organisms. 

Conservation From Section 3(3) of the Federal Endangered Species Act: The terms "conserve," 
"conserving," and "conservation" mean to use and the use of all methods and 
procedures which are necessary to bring any endangered species or threatened 
species to the point at which the measures provided under this Act are no longer 
necessary.  Such methods and procedures include, but are not limited to, all 
activities associated with scientific resources management such as research, census, 
law enforcement, habitat acquisition and maintenance, propagation, live trapping, 
and transportation, and, in the extraordinary case where population pressures within 
a given ecosystem cannot be otherwise relieved, may include regulated taking. 

Conservation Area Conservation areas are discrete areas of conserved habitats managed as a single 
unit under the LCR MSCP.  Conservation areas include LCR MSCP created 
habitats as well as buffer areas and other lands that may be included in the 
conservation area design. 

1 Appendix V 
2 Glossary of Terms  
3 Used in the LCR MSCP HCP and BA 

4 The definitions provided in this glossary include ecological and regulatory terms 
5 used in the LCR MSCP BA and HCP.  Some of the definitions of terms were 
6 specifically developed for the LCR MSCP BA and HCP and are not the same as 
7 definitions used for other programs in other places. 
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Term  Definition 

Conservation Measure A conservation measure is a management action that, when implemented, will 
partially or wholly achieve LCR MSCP goals for covered and evaluation species. 

Contaminants Any undesirable physical, chemical, biological, or radiological substance present in 
water as a result of human activities. 

Contribute to Recovery Actions that measurably increase the baseline for covered species.  Contribute to 
recovery does not include actions necessary to avoid, minimize, or mitigate impacts 
of covered activities.  Contribution to recovery is achieved by the actions taken by 
LCR MSCP participants to protect, create, and maintain habitat within and outside 
of the LCR MSCP planning area.  The magnitude of contribution to recovery is 
based on the proportion of a species’ range that is within the LCR MSCP planning 
area, the sensitivity of the species to activities associated with the legal use of LCR 
water resources by LCR MSCP participants, and the practicability of actions under 
the control and within the scope of the LCR MSCP participants that are necessary 
to recover a species. 

Covered Species Those species addressed in the LCR MSCP Conservation Plan for which 
conservation measures will be implemented and for which the Permit Applicants 
seek authorization for take under Section 10 of the federal Endangered Species Act 
and Section 2081 of the California Endangered Species Act, and Reclamation seeks 
authorization for take under Section 7 of the federal Endangered Species Act. 

Create Habitat The establishment of habitat within an area that currently does not support that 
habitat.  Creating habitat results in an increase in habitat quantity.  Habitat created 
under the LCR MSCP may require ongoing management to ensure the created 
habitat is maintained over the 50-year duration of the LCR MSCP. 

Critical Habitat An area designated as critical habitat listed in 50 C.F.R. Parts 17 or 226 (50 C.F.R. 
§402.02).  Critical habitat areas are specific geographic areas, whether occupied by 
listed species or not, that are determined to be essential for the conservation and 
management of listed species, and that have been formally described in the Federal 
Register. 

Disconnected Backwaters Backwaters that lack a surface connection to the river, generally respond to changes 
in groundwater elevation, and provide isolated habitat for fish and other aquatic 
organisms. 

Ecosystem Restoration The establishment of ecological functions within an area that historically supported 
those functions but presently does not support those functions. 

Emergent Flooded or ponded areas that support rooted, herbaceous vegetation with parts of 
the shoot both below and above water, including cattail and bulrush. 

Endemic Species A species restricted to and only known to naturally occur within a specific 
geographic area. 

Entrainment The incidental trapping of fish and other aquatic organisms in water diverted from 
streams, rivers, and reservoirs. 

Epilimnion Warm, oxygen-rich, circulating layer of water at the surface of a lake. 

Eutrophic Classification of lakes with the highest nutrient levels and highest primary 
productivity. 

Extinct species A species no longer in existence.  

A species no longer surviving in regions that were once part of its range. Extirpated species 
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Term  Definition 

Goal A broad, guiding principle that identifies an expected outcome of the Conservation 
Plan.  LCR MSCP Conservation Plan goals describe the desired future condition 
for each covered species with full implementation of the Conservation Plan.   

Habitat In scientific and lay publications, habitat is defined in may different ways and for 
many different purposes.  For the purpose of the LCR MSCP, habitat is defined as 
the specific places where the environmental conditions (i.e., physical and biological 
conditions) are present that are required to support occupancy by individuals or 
populations of a given species.  Habitat is always identified with regard to a species 
and is specific to each species physical and biological requirements.  Habitat may 
be occupied (individuals or population of the species are, or have recently been, 
present) or unoccupied (see “unoccupied habitat”).  

Habitat-Based Approach The use of habitat maintenance and creation/restoration measures guided by the 
to Conservation principles of conservation biology to develop a conservation plan for the 

conservation of covered species. 

Habitat Quality Habitat quality is refers to the ability of the environment to provide conditions that 
support individual and population persistence (Hall et al. 1997).  The precise 
meaning of quality varies by species and depends on needs during occurrence 
within the LCR MSCP planning area.  High quality habitat for some species would 
include only foraging and resting elements; for others it would include foraging, 
resting, and nesting elements or may include all elements needed for a species to 
complete its life cycle.  Low quality habitat would include only the minimal 
elements that support occurrence of the species. 

Extent of Habitat Habitat quantity refers to the area of the environment that provides conditions that 
produce or could produce occupancy of a given organism.  

Harass An intentional or negligent act or omission which creates the likelihood of injury to 
wildlife by annoying it to such an extent as to significantly disrupt normal 
behavioral patterns which include, but are not limited to, breeding, feeding, or 
sheltering (50 C.F.R. §17.3). 

Harm An act which actually kills or injures wildlife.  Such act may include significant 
habitat modification or degradation where it actually kills or injures wildlife by 
significantly impairing essential behavioral patterns including breeding, feeding, or 
sheltering (50 C.F.R. §17.3). 

Historical range Those geographic areas the species was known or believed to occupy in the past. 

Hypolimnion Cold, oxygen-poor, non-circulating layer of water at the bottom of a lake. 

Incidental take Take that results from, but is not the purpose of, carrying out an otherwise lawful 
activity. 

Land Cover Type The dominant feature of the land surface discernible from aerial photographs, 
defined by vegetation, water, or human uses.  The LCR MSCP was divided into 15 
discreet land cover types for the purpose of developing the conservation plan. 
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Term  Definition 

Law of the River A collection of various laws, treaties, and court decisions affecting all forms of use 
of the Colorado River.  The Law of the River includes, but is not limited to, the 
Colorado River Compact of 1922, the Boulder Canyon Project Act of 1928, the 
California Seven Party Agreement of 1931, the Mexican Water Treaty and Protocol 
of 1944, the Upper Colorado River Basin Compact of 1948, the 1956 Colorado 
River Storage Project Act, the Supreme Court Decree of 1964 in Arizona versus 
California (376 U.S. 340) (Decree), and the Colorado River Basin Project Act of 
1968. 

Loss of Habitat Loss of habitat is a reduction in habitat quality or quantity that results from an 
adverse change in an environmental condition.  Environmental conditions may 
include cover, substrate, channel type, interacting species, river area, reservoir area, 
water quality, and groundwater depth. 

Maintain Habitat Actions that, when implemented, perpetuate the quantity and quality of existing 
covered species habitats in habitat areas that, without implementing such actions, 
would degrade or be lost over time. 

Mainstem The Colorado River in the Lower Basin (i.e., main channel after tributary inputs). 

Mainstream The legal character of Lower Colorado River water subject to apportionment 
pursuant to the Supreme Court Decree of 1964 in Arizona versus California (376 
U.S. 340). 

Mesotrophic Classification of lakes with nutrient levels and primary productivity intermediate 
between oligotrophic and eutrophic lakes. 

Oligotrophic Classification of lakes with the lowest nutrient levels and lowest primary 
production. 

Open Water A flooded or ponded area that does not support rooted vegetation.  Deep water 
(over 6 feet deep) or frequent, rapid fluctuation in water depth are usually the cause 
for the lack of vegetation. 

Permit Applicants The Permit Applicants are those entities requesting Section 10 incidental take 
permits from USFWS for the species and activities covered in the accompanying 
HCP. 

LCR MSCP planning area The LCR MSCP planning area comprises the historical floodplain of the Colorado 
River from Lake Mead to the Southerly International Boundary and areas to 
elevations up to and including full pool elevations of Lakes Mead, Mohave, and 
Havasu.  The LCR MSCP planning area also defines the action area—defined as 
“…all areas to be affected directly or indirectly by the Federal action and not 
merely the immediate area involved in the action” (50 C.F.R. §402.02)—addressed 
in the LCR MSCP BA.   

LCR MSCP Program The Program Manager is the post to be established by Reclamation, as described in 
Manager the FMA, that will be responsible for implementing the LCR MSCP. 

Population A group of individuals of the same species inhabiting a given geographic area at 
the same time and among which mature individuals interbreed or are likely to 
interbreed.  Ecological interactions and genetic exchange are more likely among 
individuals within a population than with individuals in other populations of the 
same species. 
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Term  Definition 

Production Production is the total tissue elaboration of a population per unit area per unit of 
time; it involves the ability of populations of animals to replace themselves in 
terms of the materials in the bodies of their individuals (Warren 1971).  Tissue 
elaboration includes growth, accumulation of fat, gonad maturation, reproduction, 
recruitment and contribution to a population.  For example, production for sandhill 
cranes in the LCR MSCP planning area would include the accumulation of fat to 
support migration.  For razorback suckers in a backwater, production may include 
growth and reproduction over a period of a year. 

Range The geographic area a species is known or believed to occupy. 

Reasonable and Prudent Alternative actions identified during formal consultation that can be implemented 
Alternatives in a manner consistent with the intended purpose of the action, that can be 

implemented consistent with the scope of the federal agency’s legal authority and 
jurisdiction, that is economically and technologically feasible, and that the Director 
of USFWS believes would avoid the likelihood of jeopardizing the continued 
existence of listed species or resulting in the destruction or adverse modification of 
critical habitat (50 C.F.R. §402.02). 

Reasonable and Prudent Actions the Director of USFWS believes necessary or appropriate to minimize the 
Measures impacts, i.e., amount or extent, of incidental take (50 C.F.R. §402.02). 

Reclamation/States Reclamation/States is the group of representatives from Arizona, California, 
Nevada, and Reclamation that were responsible for developing the primary 
components of the LCR MSCP Conservation Plan described in the HCP and 
summarized as part of the proposed action in Section 2.7 of this BA. 

Recovery The process by which the decline of an endangered or threatened species is arrested 
or reversed, or threats to its survival neutralized so that its long-term survival in 
nature can be ensured.  Recovery includes actions to achieve the conservation and 
survival of a species (U.S. Fish and Wildlife Service and National Marine Fisheries 
Service 1998), including actions to prevent any further erosion of a population’s 
viability and genetic integrity and actions to restore or establish environmental 
conditions that enable a species to persist (i.e., the long-term occurrence of a 
species through the full range of environmental variation). 

Replace Habitat To replace habitat is to mitigate for habitat lost as a result of LCR MSCP covered 
activities by enhancing or restoring habitat equivalent to or greater value than the 
habitat lost.  Habitat replaced under the LCR MSCP may require ongoing 
management to ensure replaced habitat value is maintained over the 50-year 
duration of the LCR MSCP. 

Riparian Vegetation or other resources associated with a river that are dependent on 
groundwater and floodwater controlled by the river.  Riparian land cover types in 
the LCR MSCP planning area are cottonwood-willow, honey mesquite, salt cedar, 
salt cedar-honey mesquite, salt cedar-screwbean mesquite, marsh, and arrowweed 
land cover types. 

LCR MSCP Steering The LCR MSCP Steering Committee has been responsible for the preparation of 
Committee the documents that establish and define the LCR MSCP and provide compliance 

with environmental laws and regulations. 
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Term Definition 

Succession The change in the composition and structure of a biological community over time 
in the absence of major disturbance (e.g., fire, flood, land clearing by people).  For 
example, deep open water in a backwater may gradually fill over time with organic 
and inorganic material and become colonized by marsh species (e.g., cattail and 
bulrush).  The marsh may eventually be succeeded by riparian forest of willows 
and cottonwoods.  A major flood event could scour out the backwater site, 
returning it to an open water condition. 

Take From Section 3(18) of the Federal Endangered Species Act: The term “take” means 
to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to 
attempt to engage in any such conduct.  The definition of “take” under the 
California Endangered Species Act comes from Section 86 of the California Fish 
and Game Code: The term take means an action to or attempt to hunt, pursue, 
catch, capture, or kill. 

Transitory River Segments Segments of the historical Colorado River, Muddy River, Virgin River, and other 
tributaries to Lake Mead that can form within the full pool elevation of Lake Mead 
when the lake elevation is below the full pool elevation. 

Unoccupied Habitat Sites that support all of the constituent elements necessary for a species, but where 
surveys have determined the species is not currently present.  The lack of 
individuals or populations in the habitat is assumed to be the result of reduced 
numbers or distribution of the species such that some habitat areas are unused.  It is 
expect that these areas would be used if species numbers or distribution were 
greater.  See also definition of “suitable habitat.” 

1  
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